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CHAPTER I - I NTRODUCTION t o CHE?JICAL Al':ALYSIS 
a . Definition 
b • . I mportance 
c. History 
d • . Prog r e ss 
v 
a. One of the most essential componentA of the science of chemistry is 
analytical chemistry. Analytical chemistry applies to all brancheA of 
chemistry. "The identification and/or determination of constitutentA by 
the methode of analytical chemistry depend upon the recognition and measure-
ment of certain characteristics known as ppysical properties.w (1) There 
are two main types of physical properties and these resolve analytical chem-
istry into two branches, namely, auantitative analysis and Qualitative anal-
ysis, 
This qua l itative analysis detects and identifies the conetitutents of 
a compound by solubility, volatility, odor, end similar properties. Because 
many of the qualitative teste are not of an intricate nat.ure, this course 
is u~ually presented as a part of the general chemistry course in the fresh-
man year in college. However, at times and in accord with the standards of 
the American Chemical Society, it can be given the first semester of 
the sophomore year: quantitative analysis being given the second semester. 
It teaches the student for the first time the techniaua of handling small 
amounts of material besides encouraging the student to think and reason 
logically. 
The second branch of analytical chemistry is quantitative analysis. It 
determines how much of a conetitutent is present by measurement of such pro-
perties as, for example, mass, volume, and density. It cannot be said which 
is the more imoortant of' the two courses but Quantitative analysis is the 
more precise of' the two branches. 
There are four principal methode used in Quantitative analysis. 
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Table I -Methods of Quantitative Analysis 
• Gravimetric B. Volumetric C. Gaseometric D. Physico-chemic ~ 
1. Substance 
sought is 
precipitated 
chemically 
1. Substance 
sought is 
titrated 
using in-
dicators 
1. Gases evolved 1. Specific Gr ~(ity 
are absorbed 2. Density · 
and determined 3. Melting Poi I 
by gain in weight4. Electroanall ie 
of absorption 5. Spectroecop 
vessel 6. Colorimetry 
7. Refractomet , 
8. Polarimetry I 
~e course in Quantitative analysis is presented most often in the second 
, ear of college to chemistry students and at some time during college to 
hose who are going to pursue a career in some field of science whether 
t be Nursing, Home Economics. Pharmacy, or the like. At the outset the 
tudent in Quantitative analysis finds himself in a course of study which 
i s far different from any which he has pursued before. He must be precise, 
accurate, exact. truthful, and dependable. It is a course which is applicable 
I . 
ot only to chemistry but also to every day life by encouraging the mind 
o reason analytically. 
b. Quantitative analysis has rendered very valuable services not only 
throughout the realms of chemistry itself, but also throughout the whole 
realm of science. To show the value of Quantitative analysis to chemistry, 
Gerald Wendt once remarked that "ouantitative analysis is to chemistry what 
algebra is to mathematicR. and practicing ecale1 is to music 11 • (2) 11 Many 
of the fundamental laws of chemistry have been based largely on the results 
of quantitative analysis. For our knowledg e of the composition of the earth 
and all that it contains, and even our information about extraterrestial 
matter, we are indebted to analytical chemistry. 11 (3) Quantitative analysis 
not only contributes to society in general but to the individual as well. 
I 
vii 
details of work and learning of a wide variety of analytical methods, it 
includes an appreciation of the fact that there is always a best way for 
doing anything, in the laboratory or out of it, and there is always a reason. 
The true scientist does not look upon nature's scheme as a haphazard jumble 
of facts and principles working to no definite end, but as a complicated 
system of definite laws, all susceptible to study end understanding. There 
is no better place than quantitative analysis laboratory for the cultivation 
of the passion to know end understand; end the student will later recognize 
the fact that knowledge of quantitative technique is applicable to laborator 
research in all fields of experimental science."(4). 
c. The history of analysis has no significant landmarks. According to 
Janneke (5) Lavoisier, one of the phlogistoniste, is credited with being 
the father of quantitative analysis because of the fact that he employed 
the balance as a tool in hie experiments. "The development of the ice cal-
orimeter by Lavoisier and LaPlace, Dalton's Atomic Theory, Avagadro 1 s hypoth l 
sis concerning the numbers of particles of gases in given volumes, and Davy 1J 
experiments in electrolysis resulting in the discovery of the alkali and 
alkaline earth metals gave proof of auantitative investigations. It was 
not aong before Berzeliue seriously challenged Lavoisier's title as the 
father of quantitative analysis. "(5) He repeated the work and extended 
the laws of Dalton to organic compounds. He discovered several elements 
and their atomic weighte.(51) Robert Boyle is said to have coined the name 
of chemical quantitative analysis but few would contend that he invented 
the science.(6) "Gravimetric analytical methode were highly developed and 
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the most commonly relied upon by the analtycial chemist prior to 1876 ••• th, 
J.Lawrence Smith method for decomposing silicates determining alkaliee, whic is still 
used today, wee published in 1871 ••• in the year 1876 electrolytic methode 
of determining metals were just beginning to be used. Long before 1876 the 
principles of volumetric analysis had been worked out ••• t here were avail -
able for the analytical chemist, methode in acidimetry and alkalimetry, 
oxidation and reduction, such ae Kmn04 and K2cr2~ ••• the chemist who 
undertook to make a gas analysis in 1876 had available the methode and 
applications which had been developed by the earlier chemists, particularly 
Bunsen ·•• the well-known Oreat apparatus wee devised in 1875."(7) 
d. Analysis has not been static at any one time. It has grown not by leaps 
but by slow accretion. Since the concepts of ionization, solubility pro-
duct. and theory of indicators were introduced through physical chemistry, 
the bounds of analysis have expanded. 
~Electrochemistry has contributed to the confirmation of not only new 
concepts such as hydrogen-i on concentrati on (pH) but also to the development 
of many entirely new techniques, including the measurement of final products.• ~ 6) 
One may mention at random potentiometric, electrolytic, polarographic, con-
ductiometric, and chromatographic methode. These new methode of analysis 
~ere introduced to help industry progress. New laboratories have been 
equipped with wide assortments of these instruments, many of which were 
research curiosities before the war. There are instruments available to the 
analyst now much more sensitive than ever before. Analysis has gained 
~omentum since the advent of radioa~tive isotopes. Radioactive substances 
~onetantly are giving off rayA, such as, alpha, beta . and gamma rays . A much 
smaller amount of unknown need be present as compared with non-radioactive 
naterial in order to be detected. Thus . the factor of eenAitivity is tre-
nendouRly increaRed. In addition. due to the radi oactivity, these mateTia l s 
ix 
can be mixed with other substances and detected at a distance. We now have 
the means to analyze mi~t~s which could not be analyzed by other methode. 
and to detect minute amounts of a radioactive substance intermixed with 
a stable substance. Each radioactive isotope has its own uniaue type 
of radiation which permits its exact identification. 
X 
11 
CHA PTER II ,;,. SELECTION of PROBLEM 
a. Purpose 
b . J ustification 
c . Scope 
a. The purpose of this study is to evolve a courAe of laboratory experiments 
in the course of chemical Quantitative analysis which will meet not only 
the standards of the American Chemical Society hut alAo the needs and interes~s 
of the students themselves. 
b. The laboratory course of chemical ouantitative analysis reouires a com-
bination of the classical methods with methode directly related to the 
field of intereflt of the 11tudent. As the course is now treated, the student' 
needs and interests are often the last thought of the instructor of analysis 
in colle~es today. The instructors of t.he analysiA classes are, in many 
cases, conducting their classes without any regard for industrial needA. 
There are three reasons why students enroll in quantitative analysis 
classes in college today' 
(l) Students who are taking the course merely to obtain the concept of 
•auantity! in order to have a cultural idea of what a chemical quantitative 
analysis means. They are generally unclassified as to field of study or 
~eneral education. 
(2) Students who, through mere necessity are r equired to take quantitative 
analysis as a reouirement in their education leading to some scientific 
field of endeavor. 
(~) Students who are concentrating on Chemistry and expect to make it their 
life work. 
It goes without sayfng that for a teacher of auanti tative analysis to 
make out a schedule of exper iments which will be well-adapted to all three 
~roups, would be rather difficult, but the job of the conscientious teacher 
is to attempt to do just that. If a student enters a course where he feels 
that hie interests and needs are being slighted, and that the course can 
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ever· be of any practical value to him, hie work will be half'-heaTted and 
r is goal. formerly that of developing quantitative technique and attitudes , 
lie transformed into merely "passing" the course. 
I 
What has happened to the obj active of' the teacher? 'l'he interests and 
eeds of the students have become remote. Very often the interest of' the 
teacher lies in regarding every student as a possible Ph.D. candidate in 
.chemistry by aesi~ning samples for analysis which have no significance what-
11ever, while samples of a more varied and useful nature could be used to 
explain the same basic principles. 
lc. The students who are concerned in the study are the students who have 
I had the course in general chemistry as a prerequisite. It is a standard 
!reQuirement for accredition with the American Chemical Society. It is strong 
lly recommended for many people who are majoring in some other fields of' 
science especiallv if' they are inte~ding to go on to further research in 
I that field. 
In undertaking this project, the experiments of classic methode of' anal-
ysis will be chosen as standards from the curricula now being used in college 
around the Boston area. The industries and the schools in this area will 
be used because enough material is obtainable here to warrant this limit-
ation. Says President James R. Killian,Jr., "Research row on the Northern 
is probably the greatest concentration of scientific, engineering, and re-
search talent in the world. 11 (9) The variable in this study is to find those 
specialized experiments which teach theoretical principles and practical 
lltecbrliqueR 
~students. 
and which are closely related to the varied interests or the 
By the questionnaire• answers of the instructors of quantitative 
~ See page 9~ of this report 
analysis courses. a curriculum of basic experiments for the course will 
be formulated. It is realized that an incompetent staff will not properly 
train a chemist even with the best published curriculum. On the other hand 
I the most competent staff cannot train and educate a chemist without havin~ 
1 
an adequte portion of the student's time. Thus, quality of staff, quality 
of students, curriculum content, and facilities for instruction must all 
be considered in settling educational standards. A student is not at fault 
I 
: if the teacher is not preparing him in an adequate manner. 
14 
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CI-IAP 'rDR I II - OBJEC TI VES of ,·~UANTI TATIVE A\,1ALYSI S L< BOJ.A ':i'ORY COVHSE 
The tea~her of quantitative analysis must accent the students with a 
background of general chemiAt ry where chemicalA are referred to qualitativel . 
and the t.echnique whi.ch was develoned was also of the same nature. 'these 
teachers must try to instill in t.he minds of the student the idea of quanti t 9 
where even the slightest drop of solution or grain of precipitate is essen-
tiel for accuracv. Not overlooking the g oa l s of the students who are enroll 
ed i n the course, that is ~ those who need the credit in some curriculum 
other than chemistry, those students who are enro l led merely to develop 
an insight i nto the quantitative aspec t , and in the last categ ory · the pro-
feeeional chemiRts. the objectives in the quantitative analvsiS l aboratory 
course as indicated by the literature woul d seem to be: 
(1) To develop quantitative technique in the etudent(l9) 
(2) To provide a balanced education in th e theoretical and practice 1. 
fundamentals of analysis (13) 
( ~) 'ro nroduce a person who knows what he is doing and why ( l Q) 
(4) To imbue the s t udent with the proper appreciation of the scope of 
Quantitat ive analveis (1~) 
The acquiring of skill in analvtical techniQue' includes for example. 
sampling "l weighing ~ calibration the handling of solutions and precipitate~r 
~ , 
and the use of volumetric and gravimetric a pparatus. use of colorimetric 
instruments, nH meters., and other i nstrumentR. In most cases a great deal 
of time is anent. in weighing which is excellent in developing this skill. 
The technique of weighing is a most important part of quantitative analysis 
buttbe student will have Aufficient practice throughout the course to devel-
op this techqniue without heavv concentration on it at t he outset. thereby 
leaving sufficient time for other work. 11hen the student realizes the amoun 
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to be done in an asei.e:ned time in order ·to finish their experiments. they 
very often resort to noor· techniaue. The curriculum is too full. (22) There 
1 
is more to do in the time alotted than can be done intelligently and the 
,, 
result is not one of learning corre·ct manipulation but rather the accom- I 
plishment of the work to obtain a grade. Secondary to technique and mani pu-
lation is the habit of makin,e; accurate calculations and keeping neat note-
books. Outside of school, industry, hospitals, or research of any kind, a 
keen mind and a neat hand are two indispensable tools. 
Some teachers agree that it is a main obj e·etive of this course to pro-
vide a knowledge of both classical and instrumental analysis; some agree 
to the classical methods but not to the instrumental methods for the elemen-
tary course. It would be the ideal situation to provide a thorough knowledg 
of both. Philip West (10) of Louisiana State University says that it is I 
impossible to have both and it· is therefore felt that the problem of instruc ' 
tion is best served through emphasis of the classical methods. Taylor (11) 
has raised the question with Furman (12) whether sufficient training in con-
ventional gravimetric and volumetric technique might not be ~iven in lese 
than one semester followed by the introduction of a variety of physico-
chemical methode. Furman ( 12) eta tee that instrumental methodJI can- beet be 
served in advanced courses, thereby restricting instrumental technique to j 
I 
chemistry students only. However·, Kolthoff {l~) says that in the fundamenta 
course, instrumental techniques· must be l imited. He agrees with Doctor 
Lingane of Harvard that instrumentation should be treated in an advaneed 
course. Demonstrations. says Doctor Lingane·, are very helpful to under- I 
.e:raduates. To be sure, gravimetric and volume;t.ric analysis will continue 
1
1 
to be the major portion of quantitative analysis laboratory 
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course and there I 
'~ 
is no doubt but that the student should master these, te-chniques primarily. 
but there should, however, according to Calvin and Hendrix (14) be J~;reater 
emphasis ~m electrometric and colorimetric techniaues. F . E. Brown ( 15) 
says that a modern chemist must k:~m.ow how to use microscopes, micro-balances, 
many types of electrical appara·tus, vacuum- tubes, the spectroscope·. and 
polarized light. and x-ray spectra. Industrial men believe that the time 
has come when stud$nts in college should purposefully master the tools of 
the-analytical chemist and enter on their practice equipped to perform 
tasks in the beet way by using intelligently the most appropriate -tools. 
This important question of instrumentation in elementary quantitative analy-
sis was one of the· foremost problems at the Symposium (49) in 1948 on the 
"Teaching of Quantitative Analysis". Furman said (12) that instrumentation 
could not be done; Kolthoff.~ (l}) said that it must be given in an advanced 
course: West (10) said that it· was impossible to give both classical methode 
and instrumentation; Olaf Bergeim (17) consents to the colorimeter, spectro-
photometer, eleetrometric methods; Martha Johnson,ll (18) believe3 that the 
use of instruments should be emphasized-. The prinei tlles of gravimetric 
and volumetric analysis need not· be overlooked for instrumentation. Doctor 
Lingane (50) at Harvard says that demonstrations are most effective during 
lectures of the various instruments. That is the procedures which are 
followed at Harvard. In September of 1950 at Harvard the first semes~er of 
auantitative analysis will take up gravimetric and volumetric analysis which 
will p:ive the students that are not chemistry majors an opportunity to 
perform both grav imetric and volumetric analysis, the second semester will 
be devoted to quantitative separations. The uae of the instruments does 
not affect all of the students. It affects those who are interested and 
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who know that they shall have to use them in the future. . Therefore the 
second aim pointe at a well-ba·lanced course in both classical methods and 
instruments. 
One of the objectives in the teaching of quantitative analysis is the 
teaching of both classical methods of analysis and the newer instrumental 
methode which are being used extensive·ly in industry. In answer to this 
question as regards the content of a course the following . results were 
obtained from the survey of the colleges in the !3oston area. 
(6) Do you believe that students enrolled in the elementary quantitative 
analysis course should be given experiments in: instrumentation, 
organic analysis, gl:!.s ana:lysis? 
Table II -Professor's Opinions on Inclusion of Organic 
analysis, Gas analysis, Instrumentation in 
Quantitative Analysis Laboratory Course 
No Instruction· Instruction Demonstration Lecture 
Instrumentation 
Organic Analysis 
Gas Analysis 
3 
.6 
4 
2 
0 
2 
1 1 
0 0 
1 0 
The table indicates that the· professors of these colleges, which are some 
of the best known in the coun·try, do not agree that instrumentation should 
be given to the students enrolled in the Quantitative analysis course. Some say 
that it should be left to the physical chemistry teacher. Others say that 
it should be given in a separate· course. Others recomrnend that it be 
demonstrated. One teacher advo~ated that such · instruments as pH meters, 
and colorimeters be used is time parmi ts. The tea·chers of a decade ago were 
19 
of the eame opinion. It would seem that the 11 advocation 11 of these instrumen a 
I 
is over now and that they are a reality. They are used in industry but. 
1 the schools are still too far removed· from industry. 'l'he teachers of 
I 
I 
II 
auanti tative analysis are not the losers in the game but the students.J and 
'--
not the chemistry students but the students who are in the fields of study I 
euch as clinical chemietry, food technology, pre-medical , and the like. The e 
students seldom have the opportunity ·to take these advanced courses. and 
therefore are at the end of the road as far as auantitative analysiR 
is concerned. 
Even the office boy with no knowledge of chemistry can be trained 
to uerform accurately certain processes. (19) The young chemist is aston-
ished to find analytical precision in industry greater than he has previous 
ly known; he is paralyzed by the speed ·of hie associates and bewildered ta 
find that laboratory ouerations involve fundamentals as well as techniques. 
As a result, several months ma.v elapse before he becomes efficient in hie 
work, And · because of this he is kept on routine analyses at first. This 
often has a devastating effect on· young profe ssional chemists. William 
MacNeven (20) makes the distinction between the chemical analyst and ih e 
analytical chemist. lhe former term· appliee to one who knows the 1 hand 
and arm" operations of a few analyses. He is freauently called a technicia 
and is usually emoloyed on · routine analyses. 'l'he term analytical chemist 
·I 
I 
I 
I 
aoulies to a person who has a greater knowle~e of fact and theory and who I 
can apply it in new situations. This analytical chemist requires initiativ, 
and imagination rather than mem-ory. To turn out a chemist who knows what I 
he is doin,g: and why and not merely one who can follow directions is one 
1
1 
of the most imoort.ant aims of eny Quantitative enalysi s teacher. it. student II 
I, 
20 
cannot and does not· develop technique if the majority of work is foreign to 
hie field of study where he feels harnessed and driven by the teacher. When 
e. · student has completed the course in quantitative analy,siS he should be 
capa·ble of nerforming· an analysis from school experience or by reasoning 
out the procedure. When a student enters an industria-l laboratory, he ehoul 
not need months of trainin:p;• The fourth s.im in the teaching of Quantitative I 
analysis laboratory course is to imbue students with the proper appreciation 
of the scope of Quantitative analysis• 'lhe scope of Quantitative analysis 
is broad, covering many branehe·s -of induat:rY and science. For an exe.ml)le. 
is it related to the baking industry? 'lbe analytical chemist by determiniD..'!: 
the quantity of protein and min·erale in· the flour know the type and grade 
of flour that he has and thereby is able to regulate the production of the 
finished product. Quantitative analysis reaches into such other fields, as, 
medicine in blood and tissue analysis; forestry in the analysis of wood 
fibers; egyptology in the analysis of various ro-ck: foods and drue:s to 
determine compliance with the laws; agriculture in the analyei·s of feeds 
and dairy products; home economics in the fhlde of · dietetics: metallurgy 
in steel analysis; biology ·in tiSsue analysis. engineering in petroleum 
analysis and many, many others. These· are j ust single examples in each 
of these· fields but there aremany usee of analysis in each one. If t.he 
student is made to perform experiments for two semesters which are not 
applicable to hie field of study then, it may be that this interest usually 
cannot be aroused suf'ficiently to produce an appreciation of the scope of 
the subject. It is apt to cause a hatred for the course and all that it 
contains because he is being forced to· progress again11t. hie will. Very 
few applications are even ~iven in this elementary course to warrant any 
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appreciation for the scope of the subjec-t;. The following chart illustrates 
the opinions of the· professors of the Boston area as to the interest and 
use of at least half of the experiments in their quanti-tative analysis coure *• 
Table III -Professor's Evaluation of the Interest and Uee of 
Experiments in Quantitative Analysis Laboratory Course 
Ntimber of Schools Interest Use 
8 8 7 
Evidently the professors of this area are satisfied with ·the course of in-
struction in their laboratories. The indus·trial me.n, however, is quite 
insisten-t that the· average studemt has ·no appreciable insight into the 
application of the· quantitative course whatever. 
Resul te from Colleg-es in Boston Area 
In the questionnaire* sent to . the· professors of quantitative analysis in 
the colleges in the · Boston area the fourth question- was 
( 4) lha t · are the ob j ecti vee of the elementary quantitative ana lysi e 
~aboratory course which you teach? 
and revealed the following objectives: 
1. Basic technique in uee· o:f analytical balance· and apparatus 
2. Knowledge of · dif'ferent methode, proceduree:, theoretical principles 
'· Aequaintenance with theory and methods of quantitative analysis for 
later work and vocational applica-tion 
*question (5) on pa,e;e Q2.:;: on this author's aueetionnaire. 
4. AcquiAition of good laboratory technioue 
5. Keeping an orderly and complete laboratory notebook 
6. Facility in problems of stoichiometry 
7. l"urther refinement of theory of solutions 
nature of orecipitatee 
8. ·To learn manipulative proficiency 
Q. Appreciation of limitations and possible errors of a determination 
~ o. Efficient calculations 
1. Teach chemistry 
J ~. Teach evaluation of the accuracy of experimental data. 
~. Develop quantitative thinking 
1
4. Application to any orob1em 
·nese were the common obj ecti vee ex ores sed bv the professors who are in 
harge of the quantitative laboratories in the colleges around the Boston area 
Table IV - Objectives for Teaching Quantitative Ana-lysis Laboratory Oouree 
Objective 
1. Teach technique 
2. Methods. theory, principles 
3. Calculations 
4 • .lpplicatione 
5. Develop quantitative· thinking 
6. Neat notebooks 
1. Errore 
8. Laboratory practice 
9. Further lAboratory refinement 
Number of Schools mentioning 
corresponding answe·ra in reolies 
6 
6 
~ 
2 
1 
1 
1 
' 1 
1 
The teaching of technique and the teaching of methods-; theory_.~ and principles ! 
were reoorted · by the largest number of schools. 
CHAPTER IV - CRITERIA USED to SELECT the MATERIAL USED 
in QUANTITATIVE ANALYSIS LABORATORY COURSE 
24 
The ob1ective of a college curriculum should be to prepare the student 
to progress in hie chosen field. ( 41) Ina student can and will progress 
only when hie interests and needs are being fulfilled. the teachers in 
fulfilling their needs and interests can, in addition to the objectives 
set down for the course as a whole , have very definite criteria on which 
to base the selection of material for the course. then a te~cher selects 
the experiments (unknowns) which a student is to do, what are the criteria 
on which he bases hie decision? Ie it student needs? Is it solely to 
develop technique! Ie it solely to familiarize the student with methods 
listed in textbooks? Is it solely to combine theory and practice? 
Or is it interest, applicability, or ease of preparing samples? Or is it 
simplicity? These criteria are very important. However, today. the •needs 
of the student• seem to emerge to the apex of all the criteria. London 
A.Sarver (21) e~ye, • ••• for a number of years I have been giving a ~ourse 
in quantitative analysis for pre-medical students and ~as freQuently put 
on the defensive because the men did not expect to analyze iron ores or 
manganese ores after they be~ame practicing physicians. With this in mind, 
I set out to evolve a new course which would illustrate fundamental principle 
just as effectively as the old conventional ones with material which wculd 
interest the student enough to secure hie complete cooperation. The students 
themselves. upon being consulted, expressed unanimous preference for the 
new regime." There has been and ~11 is too little correlation between 
teaching institutions and the actual work into which the student plane to 
enter. Beverly Clarke when stationed attha Bell Telephone Laboratories (22) 
said that the analyst should come out of college with a much more extensive 
knowledge of materials and industrial processes than he does. He should 
25 
be shown how industrial analysis laboratories are organized. •orient him 
into reality. 11 (22) 11Certainly, 11 says Brown, (15) 0 the experimente which 
the student ]performs in the laboratory should be those which are used indust 
rially and therefore of immediate practical value beyond the mere exercise 
I 
'!he teache·rs must try to instill i 
I 
and discipline in the subj~ct e;.s .. &·:,whole. 
in the minds of the students · the idea of quantity. 
The fields of study represented in the· auantitative analysis course 
reveal the needs ·Of ·the student;. A. survey which was done in 1944 by Ralph 
Van Puersem who was surv~ying the United States in ordel' to obtain samples 
of data in this course from which to build a test will reveal the various 
fields of study in a quantitative analysis course. In 115 schools spread 
throughout the United States he found that the· following percentages of 
professional objectives in quantitative analysis classes to bea 
Table Va - Professional Objectives according to 
Van Puersem in United States (2~) 
Pre-medics ~ 
Chemistry majore 29% 
Pre-engineers 25% 
Science majors 'do 
Pharmacy 
H2me economics 6% 
Textile Chemists 
Hospital laboratory 
technicians 1% 
I 
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Should the chemistry teacher direct all his teaching to the chemistry 
majors when the class is made up of only 29% chemistry majors? It would 
seem that the teacher who does eo, is forgetting the largest share of the 
class. Picking out a typical school enrollment, let us look at Ohio State 
Univerd ty i:n 1947s 
Table Vb - Professional Objectives according 
to Ohio State University 
Chemia.try majors 10.0% 
Chemical engineers 22.6% 
Ceramic a engineers 4.0% 
Pre-medica 40.8% 
Pharmacists 18.4% 
Medical . Technicians 2.0% 
Miscellaneous 2.3% 
In the results of the poll which this author took in the colleges in the 
Boston area~ the following re-sults were obtaineds 
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"" Table Vc - Prof essional Objectives in Boston 
area accordi ng to this author 
Univ. Boston [M.I._T~ North- Si mmons Boston rtufte Harvarll 
. of iMass College eastern Univ. ~1.~ 8 I · re-medical 11.5 62.5 10.4 5.9 8 
II I 
f re-dental 2. 1 1.2 
~7 ~ 5 - 1~. 7 ~1.6 44.1 68 68 hemistry ~1.~ 
125.2 
hemical .engineeri ng 
I 
22.5 
I ~griculture & Dairy 11.5 
Biology & Bact eriology 14.7 9.~ 6.1 20.6 8 7.5 8 
~ology I 2.5 I ~etollurgy 24.7 I 
5.2 17.7 ~.8 I Hospi t al techni cians 
If f""'" e conomi ce 1.0 8.8 
ureing 2.9 
I 
Physics 7.7; 8 8 
I Food technology 5. 2 
I . 
Public health l . O 52. 2 5~.5 - 8 8 
I 
. . '~ · . l!ingineering I 
~cience 
14.7 
Jnclaesif ied 
'~'OTALS 99.4 100 90.9 100.6 101.0 100.0 i 100. 100. ~ 
It wnuld be doing a great injustice to a student in pharmacy. for in8tance. 
to compel him to analyze iron ores when the student probably will never be 
confronted with such a sample again. These· students need some sample,. 
more closely allied to the interest or field of concentration. As was stated 
previously. the three· catezories . of students in every Quantitative anal·vsis 
class, namely. chemists, pre-professionals, and general education students, 
seems to be substantiated by these data, the largest portion being the pre-
professional group. 'Ibis seems· to pro1ect into the open even more clearly 
the need for a more dive·rse urogram of laboratory work. Laurence L. Quill(24 ~ 
says that there maybe pressure, ·unfortunately, to create a too-diluted course 
for the benefit of the general education group. '!he department will be 
obli.e:ated to have curricula to meet the requirements of the three types of 
students. Making a course a too-dilute" · is not a very sound educational 
principle. Making a course "too-concentrated ·ie not sound either. This is 
precisely the point which the instructors of analysis today are pondering.· 
But the whole answer is not to weaken a course mer-ely to make it fit the 
needs of the students but to take out work which is so unnecessary and rein-
force the curriculum with work which is necessary and of interest to the 
student. If the tt.udents are going to do their work with the enthusiasm with 
which it should be done then the· teacher has the duty to prepare a course 
that not necessarily follows the text. The basic experiments are enumerated 
in all texts that is one criteria for · choosing them. However, the selection 
must go beyond the scope· of the text. 
A student who -has probably received a ematterin.e: of gravimetric and vol-
umetric analysis, who has developed to some extent technique, and, probably 
2Q 
who ie quite accurate and precise will think that the content of analytical 
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nto industry with the· ·erroneous idea that college methods are far superior 
to those of a copercial laboratory. He ie asi;onished to find analytical 
precis-ion far greater than he -has previously known.(25) The criteria of 
the teacher in the selection of the experiments has failed to apply the work 
of school to that of industry. The applicability of the material covered 
in college is one of the main concerns of every teacher. 
There are individuals who maintain that the fundamental; if not the only 
methode, are gravimetric and vo-lumetric analysis • (26) Any other type 
of analysis is calmly ignored or consigned to special de~a:rtments. On the 
other hand there are individuals who believe gravimetric and volumetric 
are rapidly fading into the past. Another thought is that emmission spectro-
scopy is now of such importance thatthe elementary course in quantitative 
analysis should be based on the use of such inetruments.{26) There is that 
statement that the advent of radioactive isotopes (which is not an advent 
now but reality) is the panacea for all analytical problems. (26) ~ese 
ideas are not eo radical as would seem at first giance. The use of- instru-
ments in commercial laboratories is as common now as the use Gf g-ravimetric 
and volumetric analyeis. The student needs to be introduced to these 
techniques. They are as basic today as replaceable hydrogen and soluble 
sulfate. 
T.he teacher needs definite criteria on which to base hie decision for 
the selection of cl~ss work. Each unknown which is given out for analysis 
is chosen with a purpose. 'J.he samples maybe chosen. for example for their 
ease of preparation, their aopiicabili ty, or th·e principle to be learned 
therefrom·. Some criteria which resulted from a question on the auestionnaire 
sent to the colleges in the Boston area ares 
(4) What criteria are us&d" in eelectinp: the unknowns which· the students 
analyze? 
1. Representation of fundamental methode and laboratory operations 
2. The illustration of fundamental analytical chemistry and techniques 
~. Analyses which are common· and likely to be done by the student aftEr 
completion of the course 
4. Course of study ae recommended by the American Chemical Society 
5. Basic procedures requiring e: standard group of unknowns · ar-e given in 
all first class text books 
6. Ease of preparing samples 
7. Freedom· from tricky details in the analysis 
8. Natural interest in the substance 
9. Applice:bili ty of the material to the topics under discussion 
10. Standard practices as found in the best text books, working up from the 
simpler to the more difficult. thus allowing greater concentration 
on technique for the beginner 
11. Simplicity eo that the Atudent may gain confidence in his ability 
1~. Diversification sufficient to illustrate the various types of manipulatio~s. 
~1 
CHAPTER V - ANALYSIS of STUDENT 1 S INTERESTS as 
SUGGESTED BY RESEARCH IN LITERATURE 
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'lbe literature has revealed several fields of study which utilize chem-
ical auanti te.tive analysis. The follow-ing fields are the more importantc 
professional chemistry, pre-me-dical, home economics, agriculture, chemical 
engineering. industry, clinical chemistry. 
PRQFESSIONAL CHEMISTRY 
IMPORTANCE OF ANALYSIS TO CHEMISTRY 
.A professional chemistry student in quantitative analysis is educated in add 
i tion to being trained. 11He is put into situations which he must solve by 
getting the necessary facts in the·_ laboratory and from the chemical litera-
ture and, then, using them properly. Memory and experimental skill maybe 
good enough for · the technician but the professional chemist requires initiat ve 
and imagination as well. One mark of the Drofeesional man, distinguishintr 
him from the technician, is his ability to bring his experiences and judg-
men'bs to bear on a new problem. 11 (~) In educating an analytical chemist .. 
the answers to the analysis are derive~ by him. 
11 Q,uanti tative analysis has rendered most valuable services in the developmen 
of the science of chemistry and other sciences as well which make use of cheJ -
ietry. Many of our fundamental ·laws of chemistry are founded on the results 
of' auantitative analyeis~· 1 (3) Truly, it has been saidc 11 The skeptical chem-
ist. and there is no other variety worthy of the name, draws conclusions 
regarding chemical ~alysis. which in its proximate and ultimate forme, is 
the touchstone of' all chemical hypothesis." (G. T.Morgan) (3) 'l'be Chemistry 
student enters into the quantitative analysis class still quite immature and 
with very little realization that the final solution of many of the problema 
he will solve in- the future lies in the ultimate analysis he will perform. 
The physical chemist must analyze his products before making his measurement • 
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the geological chemist must analyze hie specimen before proceeding to work 
on them, the organic chemist confirms hie end product with an analysis after 
a synthesis in research. The agricultural chemist, the clinical chemist, 
and all the other branchee1 apply analytical chemistry to any of their work. 
WHY STUIENTS MAJORING IN CHEMISTRY MUST TAKE ANALYSIS 
The chemistry students in a quantitative analysis class number about 29% 
of the class according to Van Puereem 1 s report (24) and even higher in this 
author 1 s report. 1'his oercentage is usually the controlling factor in the 
class. This author found that many quantitative analysis curricula have not 
been rounded out because the t eachers are too far removed from industry and 
its demands. A chemistry maj~r who gets hie training in a university today 
need not become engaged in routine analysis; he can develop new methode of 
analysis an d supervise and interpret {~5) the work of the routine analyst. 
When a student graduates from college he may become accredited by the American 
Chemical Society, if he has completed certain requirements in chemistry. OnE 
of these requirements is {~5) the quantitative analysis course. It specifies 
the equivalent of '0 weeks of instruction with not lees than 8 hours oflab-
oratory a week. This, however, may include qualitative analysis which is 
now given as part of the freshman chemistry courses. According to Van Pueree ~Is 
report(24) 44 schools reported quantitative analysis courses from 15 to : 18 
weeks in length, and 42 schools reported quantitative analysis courses from 
~0 to ~ weeks in length, indicating one and two semester courses reapectivel • 
Two semester courses were found by this author in seven schools, the eighth 
school had two 10 week terms fo r quantitative analysis. ihe laboratory 
hours ae required by the eight schools in this study revealed the followings 
' 3 1 
1 
2-4 hour 
~-~hour 
'5-~ hour 
~-2 hour 
labs/week 
labs/week 
labs/week 
labs/week 
2 
? 
; 
*one term only 
*2-4 hour labs/week 
~-~ hour labs/week 
~-2 hour labs/week 
II 
II 
I 
I 
I 
I 
I 
.J 
Ibe student's time in the laboratory needs to be planned in order to completell 
the heavy scheduleR reouired of them. today. The teachers need to plan as wel l 
li 
as the students. Not only muet result• be obtained but 1udgment is necess•r1 1 
in deciding what degree of accuracy ie reouired, and in interpreting and 1 
using those results after obtaining them.(32) These are the aualities of a I 
person which make for a good analytical chemist and which the elementary cour,f!e 
I tends to develop. !he analytical chemist has been given many new tools with I 
which to work today. The student is interested in such equipment and will 
need the experience of being able to decifer sucp. 'l'he anAlytical chemist 
is indebted to the physical chemiRt for much of this new equipment was de-
1 vised by him. Many of the properties measured and studied by the physical 
chemist are functions of the concentration and so are often utilized by the 
analytical chemist in measurement of concentration and the determining of 
the total amount of the c<?nsti tutent.. (28) In the training of the student 
II 
I 
who is a chemistry ma~or, inclusion of electrometric titrations, polarograph~ 9 
spectroscopy color~etry, and- chromatography, is highly significant as is I 
organic analysis. It would be an unusual colll:ge graduate who had been 
trained in these fields. The analyses in organic chemistry which are fre-
auently taught to graduate students. would indeed be very valuable to the 
undergraduate. A student who has graduated with the label of chemist from I 
an American Obemical Society Accredited University, is prepared to work as a ll 
research assistant, to do graduate work, or to work as an analytical chemist~-'5).. 
II 
In school the students then- should be given practical work in analysis, wor~ 
which is useful to him in industry. For as industry revealed to this autboJ 
the student is inadequately trained and is unable to apply his work. 
OB,J"EOTIVES OF '!HE EMPLOYER OF PROFESSIONAL CHEMISTS 
"A student who has majored in chemistry and who is seeking · to apply hie 
knowledge out in industry will be expected to have initiative and ingenuity, 
says Mr. Klaussen, of Arthur D.Little 1 e Company. 11 Quantitative analysis 
is a branch of work which will require the young chemist to be most versatil~,• 
says Mr. Parrish of Skinner and Sherman. He will be working with organic co~pounde 
as well as inorganic compounds. He will not be confined to the classical 
methode of gravimetric and volumetric analysis but will have at his command 
such instruments as the polarograph, spec:tl!ograph, and refractometer. The 
products of hie ind usfury, he will find, are valuable and the specifications 
are often rigid. A careful chemical §:nalysie must be sure of hie answer, 
must always make it with confidence and certitude. He must be (2) able to 
work over a wide range of concentra-tions, where it was- once possible to ~ sat-
isfy the metallurgist with any constituents present in steel above a con-
centration of 0.1%, the-metallurgist demands to know more about constituents 
present in hundredths, thouenadths, and tens of thouenadtha. The analytical 
chemist must be able to answer questions about material"" which have never 
been raised before. The em-ployer seeks an accurate, auick, reliable, and 
intelligent human being when hiring a chemist. ~ese personal aualities 
together with the background of the chemist are the determining factorR of tl e 
employer. When the chemist has received AUCh training in quantitative anal-
yaiR that when he leaves Achool he feels that he could start in a laboratory 
and do the work the employer aeke then he hAs been properly trained. •The 
chemistry curricula are prepa·ring students not only to undertake graduate 
work in· chemistry but als-o to do analysis work and r under proper supervision 
to do laboratory experimental work in the chemical and process industries. 
and in other laboratories which do chemical research and development work.(:S · ) 
When reference ie made to the work of the analytica l chemist, routine anal-
ysis and testing of materials by established procedures are not included. ~ e 
work of theanalytical chemist involves the selection and development of the 
most economically and reliable p_!ocedures for making analyses and theper-
formance of analyses which are not routine or reauire specialized techniques 
The supervision and interpretation of the work of the technician doing rou-
tine analysis and tests also is a funet.ion of the analytical chemist. n ("55) 
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INDUSTRY 
IMPORTANCE OF ANALYSIS IN INDUSTRY 
A knowledge of ouantitative relationships is necessary in understanding and 
developing any chemica-l process. The value (4?) of raw materials. such as 
ores. the suitability of manufactured product for a:.-.e;iven use, the- control o 
a process of manufacture - these and many other problems reQuire the appli-
cation of Quantitative chemical analysis for solution. In industry, where 
these problems occur, the analytical chemist ie anindispeneable nerson . 
Hie answer to t~~uch problems as those stated above- are the genera-tors for the 
large processes· which do on in the plants today. The true value of analytic 1 
chemistry lies in the rigorous thinking, the nhyeice:l skill. the eelf-relian e , 
and the honesty that it fostere.(2) Quantitative analysis in industry must 
be precise and accurate. The products leaving the factory have the analysis 
on the label. An analytical chemist can and should be a thoroughly trained 
person t.o bear the res-ponsibility that is hie. However~ there has been too 
little contact between industry and the teaching institutions generall~.(2)) 
If' it were only possible to give to the stu dents the fundamentals of 1h e 
course and in addition· the practical work which industry demands~ . This 
would call for co-operative education which is one of the best forms of' ed-
ucation. ( 44) Certainly the experiments which the students perform in the 
laboratory should be those -which are used industrially and. therefore. of' 
immediate practical value beyond t he mere exercise and discipline in the 
subject as a- whole.(2) The defects which appear in the student after he 
leaves college are traceable to the trainin.e: and the attitude of the instruc· 
tor who is very often unsympathetic toward industry and its problems. There 
is lae'king a real working knowledge of the tools of his trade; there is lack· 
economic sense; and ideas· of industrial nrocesses are sadly antiquated. ( 43) 
WHY STUDENTS GOING INTO INDUSTRY SHOULD TAKE ANALYSIS 
When a young chemist goes into · industry, more likely than not .. he will spend 
a great dea.l of time and training in analytical work. the length of tha·t tim 
depending on his background. Those not well-trained in quanti tati'fe analyl'li 
are seriously handicapped. (44) As an· analytical chemist, the beginner in 
any laboratory will have some interesting experiences• The analytical 
chemist is a person who is not .e::lued to a textbook but who is open to new 
ideas and able to try out new procedures or improve old ones. In the 
quantitative analysis laboratory (32) from which he has come· he probably 
has spent Reveral days running an electrolysis when he will find in industry 
the same experiments being run by the· dozens in a day. 11He (32) will also 
learn that in any· industry there are special analytical methode, not in the 
literature, which offer considerable opportunity to a skillful person who 
by careful work maybe able to improve the method, or accuracy of these 
particular determinations and so make a -name (and a better salary) for him-
self." It is just here that the highly trained man will be able to differ-
entiate himAelf from the people dee ~gnated as "chemical laborers".(32) The 
industrial laboratories of today sometimes employ high school boys and girls 
to run the control analysis. They are trained to perform their work with 
surprisingly accurate results and are very consistent in their technique. Tl ey are 
unaware of the theory behind the work· that is done, they are una·ble to anal-
yze any errors which may occur in the line of work, but are perfectly cap-
able of running the day to day analysis. 
The interest, here, is the student who is 
~eee people are "chemical Mborers l .(32) 
being · trained in college to prepar 
himself for industrial work. It may be entirely analytical in nature, it 
may be analytical in nature for a brief period. 1rJhatever it may be, he 
should be trained in the most efficient manner possible. The college 
trained student on embarking upon a career in an industrial analytical 
laboratory, if properly trained, vlill spend a good deal of his time develo-0 -
ing new methods, or ada pting old methods to ne'\Or material ; he will trace 
sources of error and introduce new procedures to people as well as old 
procedures to new people. 
CBJECTIVE OF THE INDUSTRI.c'iL EI..JPLOYER: 
Industry expects college trained analytical chem:i.sts to have that kind of an 
originality which comes from a developed imagaination; (45) industry expects 
a person with an extensive knm.J'ledge of materials and industrial processes, 
probably much more than a student gets in college. }~nipulative technique 
is only one characteristic to be developed in the prospe ctive analytical 
chemist. Recent developments in Physics and Physical chemistry have 
supplied t he analyst '"i th many new tools and he must, therefore, broaden 
his lmmvledge of these operations. Regardless of the industry, whether it 
be agriculture, engineering, pharmacy, or the like, the analyst has basic 
requirements which are very important to the employer. The grovling care 
vri th which the various steps of manufacturing processes are nmv controlled, 
calls for remarkable speed in many types of analytical work . The Hay that 
spectro·graphic analysis permits the rapid determination of the composition 
of iron and steel is a familiar story by now. The determinations can be 
made at the rate of at least one a minute so that more complete analysis 
than were ever possible before can be carried out while a heat of steel is 
held. The analyst must employ for this purpose a vast variety of physical 
tools - the spectrograph, the microscope, the polarograph, the elect ron 
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microscope, electron and x-ray diffraction equipment, cell systems for 
potential measurements, and even, as Dr. Clarke remarks, "medieval history 
if it will solve the problem11 • It is not in industry alone that such 
demands are made on t he chemist. Industry is inclined to demand, and in 
terms of its demands one can say that the competent analyst should be 
familiar with all the chemistry of inorganic and organic substances. He 
should be able to apply with the skill of an expert, the technique of all 
ordinary analyses, whether it be the analys is of a silicate rock or the 
analysis of an organic compound. Another important phase of quantitative 
analysis which industry calls essential and with which the student never 
comes into direct contact, is sampling. nprobably the most i mportant problem 
before the modern industrial analyst, after deciding upon a plan of action, 
is to isolate from the complex material a srunple suitable for straight-
forward analytical attack. Analytical chemists fresh out of school seldom 
have any consciousness of the fact that the preparation of the sample far 
analysis is often a major part of the job, because their college 1..rork deals 
almost exclusively with the analysis of pure substances". (23) 
Perhaps the candidate for the job will be more confident if he has this 
kno-v1ledge at hand. Hore than a smattering knowledge of a determination is 
necessary. Practicality seems to be the idea which industry has in vie-vr . 
Industry expects the candidate to have ingenuity, originalityJ and initiative 
sufficient to carry over his training from the basic experiments to the 
1-10rk they put out for him to do:. 11. person in the industrial laboratory 
is doing the same basic 1.rork the s tudent supposedly does in college but 
applies it in many more ways. He is not static in one corner of the 
laboratory. He does not run volumetric and gravimetric analyses from day to 
day. He is expected to have a working knot-rledge of all the principles and 
hence apply them to any type of industrial ivork . In this author 1 s survey 
one school does offer industrial products for student analysis. 
CHEMICAL ENGTIIJEERING 
IIv.IPORTANCE OF ANALYS IS IN ENGINEERING: 
Chemical Engineering is work involving the unit operations in the pilot 
plant development and plant operation of a process, and in the design of 
chemical engineering equipment. (2) In other words, the chemical engineer 
takes the work from the research chemist with refinements, designs the 
equipment needed for production and starts the production of the chemical 
for the company. The positions into which the chemical engineer enters can 
be summarized as follows: (2) technical sales and service, research on 
unit operations, design of chemical equipment and chemical plants, pilot 
plant development and operations that the engineer will come into contact 
with quantitat ive analysis. Therefore, he needs to be trained, not only in 
engineering problems but chemical problems as well . They are very closely 
allied but the engineering training is certainly not essential to a research 
chemist, so the chemistry courses for these engineers must be chosen with 
that in mind. The principles of the chemistry itself are the same in any 
course but the material chosen needs variation. Says viarner, (35) although 
the two professions are closely related and a person may migrate from one 
profession to the other in the course of his career, it still is a practical 
act that the initial positions \,Thich graduates of a good chemistry depart-
ent are best prepared to enter are, in the main, different from those for 
;..rhich the graduates of a modern chemical engineering curriculum are prepa.red" 
Chemical engineering students today, are required to take only 28 semester 
hours of chemistry. In previous times, Hhen more chemistry ;..ras required, 
they 1vere employed as laboratory research assistants and as analytical 
chemists but the chemical engineer of today is not trained strictly to do 
this type of vrork. The chemical engineering duties are in the plant. The 
analyses are run in the plant concurrently vlith the processes vJhich are 
going on. If the analyses indicate some foreign reaction occurring, then 
it moves into the laboratory for a more detailed examination. But the 
irregularities that may occur in actual production are picked up by the 
chemical engineer. Says Meloche (21) The chemical engineer, like the 
chemist, discovers as he progresses, that the answers to many of his 
research problems, are obtained in terms of thorough-going Quantitative 
Jl.nalysis. In fact, says Meloche, "a well-trained chemical engineer is often 
hbnself the author of an excellent method of analysis. It may be sufficient 
to observe that the methods of Quantitative Analysis are directly or in-
directly involved in the evaluation of the great majority of raw materials 
and finished products of modern industrial operations and even the young 
engineer is well aware of the fact that the success or failure of a chemical 
manufacturing enterprise may easily depend upon relatively small differences 
in the quality and composition of raH materials or finished products, 
differences easily discernible by the young engineer with moderate training 
in analytical chemistry11 • 'rhe course of quantitative analysis is equally 
valuable to the chemical engineering profession as it is to the chemistry 
profess ion itself. It is the content of the laboratory course vrhich is or 
may be varied from that of the professional chemistry student. For example, 
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as this author found in one college, the engineers are allowed to analyze 
mineral oil in place of weight calibration. 
WHY CHEMICAL ENGINEERING STUDENI'S SHOULD TAKE QUANTITATIVE ANALYSIS: 
Says Meloche, •The young chemical engineer is sometimes led to believe 
that be will never be expected to carry out chemical analyses personallyJ 
that all the analyses which he will ever require will be done by others. 
He is doubtless unaware of the fact that the type of hard-boiled executive 
who prefers to test the skill of the young engineer in the laboratory, 
possibly even in the analytical laboratory, is still alive and active. 
·Moreover, in a small organization the young chemical engineer may find it 
distinctly advantageous to prove on occasion that the plant can be kept 
ranning because he is a good analytical trouble-shooter. The amateur 
chemical engineer can well atford to contemplate that the study of 
quantitative analysis is probably one of his best opportunities to study 
the conditions under which reactions go sensibly to completion; conditions 
which will doubtless eventually affect his yields and, therefore, his 
profits. Training in analytical chemistry enables the chemical engineer 
to interpret more critically the chemical analyses necessarily carried out 
in connection with many chemical engineering processes. Such training 
may also help him to take a more dependable view of many other important 
matters in his line of duty.'' Even if he is not required to make analyses 
directly, he will always be handling and interpreting and requesting 
analytical data. An attempt to imbue the chemical engineering student with 
the ethics of quantitative analysis is always the first step, and of primary 
importance. "To the engineer engaged in plant and equipment design," saye 
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Knight, (42) "quantitative analysis is i mportant. In laying out a 
process flow sheet, the analysis of every steam before and after must 
be known - - for the engineer to make proper materials and energy balances 
and to specify the proper material and energy input and removal.• Chemical 
engineers in most institutions now take only one semester of quantitative 
analysis. This is in contrast to former practi·c-e .<when the chemical 
engineers used to take four semesters. The question arising is whether 
the chemical engineer can grasp sufficiently the principles and the 
techniques of quantitiative analysis in one semester to warrant his enroll-
ment in the cours~. The work which he covers cannot portray to him a fair 
sample of the work which he will be doing in industry. His work, if 
pushed, will tend to become ·hapba1ard. Therefore, the work given to h~ 
should be a representative· sample. Says Knight, "The value of properly 
made analyses, the need for selecting the best and most indicative variable 
for Analysis, and the interpretation and application of results to the 
problem at hand are ideas which young engineers usually lack." (42) 
EMPLOYER DEMANDS OF THE ENGINEERS 
"For the engineers-," says Knight, "calibration of weights and volumetric 
apparatus should be avoided. Semi-micro methods are of considerable value 
since they are great time savers. It is hardly profitable to spend a 
week from an eighteen week course calibrating weights and which he shall 
not do outside. In industry, little or no distinction is made b-etween 
inorganic and organic chemistry and it is felt that the sharp distinction 
often still made in college work should be eliminated."(42) The student 
will very likely work with both types of compounds in industry. The 
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value 1of organic quantitative analysis would be of tremendous importance 
to the elementary student but he seldoJil does any organic analysis. The 
I 
engine1ering student, especially those entering into the petroleum and oil 
companies to work, would find co2 , N2 , S, CI determinations in organic 
compou~ds very valuable. "Gas analysis should be included somewhere in 
the education of all chemists and chemical engineers".(2) Gas analysis is 
I 
used ih alal.oet every factory laboratory. These are important analytical 
I 
I 
determinations and of interest · to the s-tudent. Indications are that it 
would hot be a fruitless task as from Von Puersem (24) report the pre-
I 
engineering section of a quantitative analysis class, is 25%· If the 
I 
I 
class is 25'/o engineers one may say that the analytical program must be 
more diTersified- than it is at the present time to suit their needs. 
This attthor found 55~ ot the quantitative analysis classes in the eight 
I 
I 
schools ot this study in the Boston area were chemistry students and 
: 
engineers-. Not only is this a large portion but the author found in 
I 
indust~y that the engineers are definitely required to do quantitative 
I 
analysis, tor example, at Metal Hydnae and Arthur D. Little Company. 
I 
I 
MEDICINE 
Importance of Analysis in Medicine. 
Quantitative Analysis is required in most pre-medical schools teday. 
Medicine is a quantitative science, most precise and most accurate. The 
Quanti~ative · -Analysis course forms a foundation of quantitative technique 
which a doctor needs. A considerable amount ot quantitative work is 
I 
carried out in the medical school in the ·course in Biological and 
Clinical Chemistry. QuantitatiTe methods (18) are used not only as 
I 
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training in the techniques of such methods but because quantitative 
expe-riments in Biological Chemistry are frequently the most instructive. 
In studying an enzyme action or carrying out a functional test on a human 
subject) a knowledge of the quantitative relations is quite essential.(l8) 
I 
One phase of Quantitative Analysis which has been especially helpful to 
I 
the medical profession (biological and medical Chemistry) has been 
colorimetry. Colorimetry can detect minute amounts of material, and do so 
with incomparable a characteristic which every physician requires. Medical 
researc~, which today is progressing at a very rapid rate, must rely on 
quantitative analysis to the solution of the final problem. Medicine 
could not progress without quantitative analysis. 
WHY PRE-MEDICAL STUDENTS TAKE ANALYSIS: 
Van Pue~sem (24) found that about 30% of the quantitative analysis class 
were pre-medical students. The Baker (4) study among medical school 
authorities as to whether or not quantitative analysis should be required, 
I 
showed that they agreed unanimously on the .desirability of a quantitative 
course for pre-medical students. However, the attitude of the pre-medical 
students toward their laboratory determinations is one of dislike. He is 
being "driven" by the teacher to do experiments which are foreign to his 
i 
field of interest or his ambitions; his work is half-hearted. His goal 
is merely to get a passing grade and finish the course. ''For a number of 
I 
years," says Sarver (22) I have been giving a course in quantitative 
analysis; for pre-medical students, and have frequently been put on the 
defensive because the men did not expect to analyze many iron ores or 
I 
steel alloys after they became practicing physicians. With this in mind, 
47 
I set out to evolve a new course which should illustrate fundamental 
principles just as effectively as the eld conventional ones with material 
which would interest the student enough to secure his complete cooperatian. 
The students themselves, upon being consulted, expressed unanimous 
preference for the new regime." Examples at samples which he gave out 
were: organic acids, flour for proteins, and inorganic phosphates, HCHO 
in formalin using s2o3• Hence, no work is given which is not connected in 
some way with medicine. How much more fascinating a course is when the 
material used by the student will not be something extraneous to his field~ 
It gives the student the feeling of being important and not a tool of the 
instructor. The aim of a college curriculum is to prepare the graduate 
to progress in his chosen field (41). No doubt volumetric and gravimetric 
analysis will continue to be of greatest value. Nevertheless, much more 
attention should be paid to colorimetric techniques, pH meters, and the 
like which are very important in medicine·.. The pre-medical students 
enrolled in quantitative analysis would find it very interesting to analyze 
blood sugar or carbohydrates of any kind or in illustrating the iodometric 
methods-; let the pre-medical student reduce the sugar -in a urine sample. 
He will learn far more than if be were made to analyze a Cu ore. The 
fundamental principles are the same but are applied to different materials 
than are now used. 
WHAT THE MEDIC.AL SCHOOLS DESIRE: 
Responses from the medical schools found the following determinations and 
techniques of value to tbe pre-medical student: (40) 
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~ABLE VII - DETERMINATIONS OF VALUE TO PRE-MEDICAL STUDENI'Sa 
DETERMINATION: NUMBER OF SCHOOLS 
RESPONDING: 
Sulphate 
• 24 Chlorine • • • • 30 Acid 36 
Bas.e • • • • 36 
ca 
• 25 Fe 
• 22 
F04 . 22 
NH3 - (Nessler) • 25 
N • (Kjeldahl • • 28 A~etone bodies • 13 
Reducing Sugars 
• 17 
Vitamin C • • • 5 
Other determinations • • 7 
TECHNIQUES: RESPONSE& 
Calibration of pipet • 26 
Use of pipet • • 31 
Calibration of buret • 25 
Use of pH meter • • 26 
Use of colorimeter • 30 
Use of saccharimeter • 19 
Use of balance • • 9 
Use of spectrometer • • 5 
Use of refractom.eter • • 3 
Use of other instruments • 9 
Sulphate by gravimetric method, chloride by volumetric method, Fe by Ceric 
sulphate or Bno4, Calcium by permanganate, reducing sugars with iodine, 
and coloremetric phosphate. 
These are determinations that would surely interest the pre-medical student 
"The student of quantitative analysie," says Bergei111, (18) should be 
familiftr with the principles involved and the possibilities present and 
have enough familiarity with the apparatus used not to be afraid of the 
name spectrophotometer. Thie instrument is becoming more used in routine 
analysis in hospitals. It seems also that some use-might be made or 
electrometric methods in volumetric analysis, including redox titrations. 
Redox potentials form, of course, the basis of most of the metabolie 
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changes occurring in the body. From this author's observation in 
hospital laboratories, the student should have some familiarity with 
methods of detennining hydrogen-ion concentration; ability to use a glass 
electrode pH meter would be desirable; manometric and volumetric gas 
analysis methods are also of great importance in Biological Chemistry. 
The Warburg apparatus is one of its foremost research tools. The Van 
Slyke apparatus is widely used in blood a.nd tissue analysis of chemical 
importance. The students are very rarely introduced to these methode. 
In stopping to analyze Balser's report {40) the doctors who teach these 
students refer to experiments which the analytical teacher seldom gives. 
The response to the use of the colorimeter was very large, but very seld0m 
does the analytical student learn to use a colorimeter. The pre-medical 
student is not required to take Physical Chemistry, in which course 
usually this instrwnent is used. Says Miss o•Rourke at Massachusetts 
General Hospital "include photoelec~rie colorimetry and Van Slyke. They 
have six of them." This would indicate their importance in medical work 
as this ie one of the largest hospitals in this area. 
CLINICAL CHEMISTRY: 
Importance of Clinical Chemistry. As Max Friedman says (34) '1the clinical 
chemist bridges the wide gulf between the scientist and the physicians." 
Some of the important figures (34) in the clinical chemistry promotion 
have been Vincent du Vigneaud, Victor Myero, and after his death Warren 
Sperry. The apparent simplicity (34) of the methods introduced by these 
workers has given the widely accepted take impression that clinical 
chemistry requires only simple typewritten directions, standard solutions 
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supplied with a calibrated colorimeter, a time clock and a water bath. 
Says Friedman, "the obvious inadequacies due· to the frequency of errors, 
and the potential dangers which may result from these practices, should 
be pointed out to those who still think such is the case.. The clinical 
chemist is a development and research fellow, whereas the hospital 
technician has learned the simple routine analyses, making up solutions 
and the like. Clinical chemistry is working side by side with medicine 
at all tilles. Tbe· two are not synonymous. The physicians correlate the 
materials given him by the clinical chemist with other findings and then 
make a diagnosis. So it is the chemist behind the assembly lines, without 
whose precision tools the final pro~uct would be far less advanced."(36) 
WHY CLINICAL CHEMISTS TAKE ANALYSISs 
"The chemical training," says Corbett (37) is very importsJlt, not only 
for itself but also for developing proficiency in laboratory procedures 
in general. Some technicians have learned the simple routine analysis 
without the benefit of a formal scientific background, but it is generally 
conceded that the work carried on in a laboratory is of uniforoly higher 
caliber and consists not · only of control work but rese:arch if the techni-
cians have a Bachelor's degree in Chemistry, supple111ented by some cottrses 
in the biological sciences.• Says Friedman, (36} "the technician and 
mediea.l technologist who received unsatief8.ctory trainir~g in shoddy ways 
do not add to the achievements of a laboratory of clinical chemistry in any 
way but routine work. "It is obvious that the training of the clinical 
chemist should start at the college and university level ••• The trainir~g 
of the clinical chemist requires, above all, a basie knowledge of and 
.5'1 
.. 
adequate background in Chemistry."(36) That training in Chemistry should 
be directed especially toward the quantitative analytice~ courses. It is 
the quantitative determinations that the clinical chemist shall be doing. 
The physicians are dependent upon the quantitative ana-lysis. The clinical 
chemistry laboratories in hospitals do not entrust their work to non-
college trained people, as this author was repeatedly told in three 
hospitals surveyed. Im entrusting people with these important analyses, 
their work has to be most dependable. Their results are reports to the 
physicians. They must be not only accurate but precise in their resulte, 
for lives may depend upon it. The clinical chemist ia capable of develop-
ing new methode which might save both time and lives. The chemist as he 
graduates from college- and ent·ers·· the clinieal laboratory can become one 
of the most efficient clinical chemists, by merely applying what he has 
learned. Clinical chemists, if properly trained, develop into the capacity 
of researchers. With the advent of many new drugs on the market, today, 
the alert analytical chemist can become the physician of the Clinical 
Chemistry laboratory. The hospital laboratory of research is bait for the 
clinical chemist. The clinical chemist must have quantite.tive analysis it 
his prospects are the hospital' e chemistry laboratories. Not only the 
facility and experience of having made quantitative determinations are 
essential but the rigid accuracy and precision required in college are most 
essential in these laboratories. The discipline ~cquired in college is 
maintained in application. Miss· McCarthy says "they have a lot to learn, 
not only theory but there is definitely lacking the idea of application. 
It takes at least six months to one year beyond the degree, even, to 
develop in the college graduate the proper attitude toward his work and 
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develop the trait et a true chemist. 
OBJECTIVES OF THE EMPLOYER OF CLINICAL CHEMISTS: 
It is essential that a clinical chemist have a college degree. This train-
ing giTes him the experience of developing accuracy and precision. It also 
imparts to him basic principles and techniques which be will use throughout 
his career in chemistry. The more specialized work of the clinical chemistrY! 
field is very often not covered in quantitative analysis. The student from 
college, therefore, has a great deal to learn before he can safely be en-
trusted to proceed without supervision. Very often the methods used in the 
hospital laboratory carry out determinations with which the recent graduates 
are not familiar. He loses time not only in school, where his interest is 
lessened by experiments of little practical value, but in the actual hospital 
laboratories where he is being •probationed". Says Corbett, (37) "the use 
of the colorimetric determinations has also provided a short cut. There are 
two types in general use; one is the block comparator which is usually 
employed in the pH determination of blood and culture media. • • • The 
second type of colorimeter is better adapted to various colorimetric 
determinations such as cholesterol and hemoglobin; this is the regular 
electric coloriaeter." The student in quantitative analysis seldom gets a 
glimpse of these important and greatly utilized pieces of equipment. In 
many determinations in clinical chemistry the Van Slyke methods apparatus 
is used far such determinations as NH3, co2, 012, o2, in blood or any com-
pound which will release or absorb a gas when properly treated (37). The 
school laboratory seldom has this apparatus, from this author's survey. 
co2 in Quantitative Analysis is a determination which is done but not by 
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the VanSlyke method. Chlorides are seldom done by VanSlyke but both by 
gravimetric or by Mohr, Volbard or Fajans methods, which are volumetric 
methods. "Manometric and volumetric gas analysis methods are of great 
importance in biological chemistry. The Warburg manometric apparatus is 
widely used in blood and tissue analysis of clinical importance. Determina-
tion of co2 combining power of the blood are routine clinical procedures. 
(18) These procedures are usually carried out by our pre-medics, or 
demonstrated to them." (17) From the three hospital laborataies surveyed, 
this author found the colleges are not fulfilling these needed requirements 
of the field, which the employer requests of the students. It is true 
that the students learn manipulative technique by determining substances by 
these outdated methods but the point at issue is that such common instrument 
as a colorimeter and Van Slyde apparatus wuld be inexpensive to operate and 
samples from these hospital laboratorie.s would place the student in a much 
more ca~ble position to enter the clinical laboratory. "The viscosimeter 
is another important laboratory tool used in analysis of fluids. Clini-
cally it can be used to measure viscosities of the blood which is 
dependent upon the number of erythroc.ytes present." ••• "Clinical Chemistry 
falls into three or four groups, gastric, urine, blood analysis and 
functional tests. 11 ( 35) Tests such as these wuld be excellent practice 
for the student, and 'Which the employer wishes they had. 
PHARMACY: 
Importance of Analysis in Pharmacy. 
"It is difficult to say where pharmacy begins and chemistry leaves off. 
Chemistry is an experimental science and the raw material of Chemistry is 
5L. 
the preparation of the new compounds. ~n fulfilling this last function, 
Pharmacy bas done a great deal for Chemistry." (l') It is not so tar 
removed from our own day that the druggist-pharll'l8cist was a "chemist". 
Elving (16) says that the contacts which the Apothecary made with the raw 
materials in the olden times made him curious as to why the compounds re-
acted as they did and this lead mostly to the chemical manufacturing plants. 
Says Elving, "if we furtlaer realize that the Apothecary was well-versed in 
the coiDJllon technique of chemical operations as then practiced in the 
12th and 13th centuries, in distillation, sublimation, fusion, ca l cination, 
solutions, extractions and filtrations, it is not strange that so many 
compounds were isolated and their properties studied by apothecaries in 
their pharmaceutical and alchemical studies." (16) These methods by 
which they were studying these compounds of theirs are now carried out very 
easily by any chemist, in the analytical laboratory. Elviag further states 
that the apothecary carried on his pharmaceutical work and hie chemical 
work at the same time. Quantitative Analysis in pharmacy is as necessary as 
Chemistry itself. The analytical data obtained by the pharmacist are 
equally as iaportant as the analytical determinations by the research 
chemist. A quantitative analysis in pharmacy means the differences between 
the life and death of a person.The pharmacist needs to know how to determine 
the substances which come to him. 
WHY STUDENTS IN PHARMACY SHOULD TAKE ANALYSI5a 
"Since the modern pharmaceutical student devotes many houre to the study 
of quantitativeanalysis, he is entitled to ask, ~y do I have to take the 
course•. Success in carrying out quantitative analysis procedures is 
vitally dependent upon technique and upon the ability of the student to 
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follow through work explicitly. Technique in measuring and weighing and 
filtering accurately and precisely, lays the foundation for accuracy in 
compounding and economy in dispensing. n Because he is constantly serving 
the public, Janneke (5) says that the pharmacist must appreciate the value 
of clean glassware and neatness in his work. Many more pharmacists could 
work in the open if they -were more tidy in their 'WOrk. Quantitative 
analysis teaches them technique and tidiness. A student in pharmacy who 
has taken quantitative analysis is able to recognize irregularities in 
prescriptions. Quantitative analysis has great cash value in pharmacy. 
"The (5) pharmaceutical student receives the training for making up 
standard solutions, test solutions, stains, recognition in the Pharmacopoeia 
and the Formulary. The sale of these solutions is lucrative. The ever-
increasingly important question or hydrogen-ion is well explained in 
quantitative analysis, thus enabling the pharmacist to confer intelligent-
ly with the physician when the therapeutic value of pharmaceutical 
preparation is dependent on the hydrogen-ion concentration. 
From the Von Puersem report (24) there are together with home economics 
and textile chemists 6% of the quantitative analysis class enrolled in 
pharmacy. At Ohio State (2) in the autumn of 1947, the enrollment in the 
quantitative class of 786, 121 students were pharmacists. A pharmacy 
student is one who shall be dealing 'With drugs and chemicals, not iron 
ores and steel alloys. "Perhaps" says DeKay, "a student who has been 
fortunate enough to have been trained in fundamentals has bad to 
w:i. thdraw and becomes employed by a eamnereial organization. This 
person will no doubt be put into work other than routine. Having 
gained some useful knowledge in analytical chanistry, these people may 
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find careers and live as more useful citizens. (38) The preciseness and 
accuracy which the pharmacy student succeeds in developing, will no doubt 
be his most valuable tool." The students who choose- industriB_l (37) 
work, civil service, or graduate study, absolutely need knowledge of pure 
and applied analytical chemistry. The pharmacist is also of great aid to 
the physician who finds he is capable and willing to run the urine and 
blood analyses. In a rural community the pharmacist could be very 
valuable i1' the doctor could not run his own. (5). Here again, the 
physiological nature of analytical chemistry could be of tremendous value 
to the pharmacist. In order to understand the many assays which may be 
delll8;nded of thegraduate,- he must have a well-grounded course in quantitativ 
analysis. Sufficient practice and good technique in an introduction to such 
work is absolutely necessary. Says DeKay (38), it any one bas not had 
sufficient practice and has not developed good technique which would more 
than likely be developed by a thorough study of both of these subjects 
{drug assay and quantitative) with plenty of time allotted to each, it 
seems- that considerable difficulty would be encountered in performing the 
complete tests-and assays directed in the numerous 'Pharmacopoeia Monographs .• 
The analysis of drugs and medicines and the associated preparation of 
cosmetics, must be- exact if it is going to be placed on a label of a 
package to be sold. This can only be done by a trained analytical chemist. 
Most stude~ts in quantitative analysis have never come in contact with 
these materials. The quantitative analysis course for pharmaceutical 
students should include rudiments of drug analysis, such as, aspirin, lime 
water and the like, together with physical measurements. 
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TABLE VIII - QUANTITATIVE ANALYSIS COURSE CONTENT 
FOR P!f..ARMACEUTICAL STUDENTS. 
BASIC CONTENT FOR 1ST SEMESTER: 
Volumetric - acidimetry 
alkalimetry 
Gravimetric - precipitation 
oxidation and reduction 
gaseometrie 
electrolytic 
2ND SEMESTER PHARMACEUTICAL 
STUDENI'S& 
1. det. solubility 
2. Specific gravity 
3. Melting poi»t 
4. Congealing poi~t 
5. Boilil'lg point 
6. Refractive index 
1· Index of rotation 
8. Viscosity 
Says Williams, at the University of Connecticut (52) "wherever choice allows 
compounds and procedures official in U. s. Pharmacopoeia or National 
Formulary are selected : tincture of 1 ime water for alkalimetry, aspirin, 
and the like." 
WHAT THE EMPLOYER OF A PHARMACIST EXPECTS& 
When the employer of a drug or pharmaceutical company is confronted by the 
need of an analytical chemist, hie first requirement is a college graduate. 
That college graduate must have a thorough background of training in 
chemistry. What is his background in analytical chemistry? A halt-year 
of qualitative analysis and a full year of quantitative analysis. Has he 
had any drug assay? Charles D. Harvard (39) says " so far as I have ob-
served, the chemists who come to us from our colleges and technical schools 
have received no instruction whatever in these subjecte (compounds,lllixtures, 
proprietary remedies, analysis of unknowns)." 
"The young pharmacist," says Meloche "is sometimes asked to ponder the 
embarrassment of the drug manufacturer or dispenser who discovers too late 
that a preparation intended to cure disease or alleviate suffering actually 
poisoned the patient. When chemicals and mixtures of them are being 
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prescribed and dispensed for internal human consumption, what can be more 
appropriate than a knowledge of their composition and purity,and how 
better can hie information be secured than by a good chemical analysis?• 
If the pharmacist has had a broad training in analytical chemistry, then 
he understands the work be is doing. He will weigh out accurately the 
correct amount because he has probably analyzed such a substance betore 
and knows the potent effects of the drug. The knowledge he has obtained in 
quantitative analysis will often be his chief reliance in aiding in the 
enforcement of the pure drug and food act. Says Janeke (5) "trade schools 
graduate innumerable specialists but professional schools develop potential 
experts. Specialization is frequently regarded the keynote to success, 
but it must be remembered that the specialist serves occasionally while 
the expert serves continually." 
AGRICULTURE& 
IMPORTANCE OF ANALYSIS IN AGRICULTURE& 
Farming has become· one of the most scientific- industries existing. Much 
of the progress which has been made- in the field or agriculture has been 
done in the chemistry laboratory. The chemist has been able to provide 
the farmer with means by which the farmer has become more productive in the 
field. The tags on the grain bags, the labels on the fertilizer bags, the 
seeds in the package, which convey the ingredients, and directions for 
proper use, are e~ples of the extensive- work of the agricultural 
chemist·. The agricultural chemist develops the . materials and the analyti-
cal agricultural chemist's analyses determine the quality of the product 
put forthw The students of agriculture soon realize that modern advances 
which have been made in agricultural science have closely followed the 
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application of chemical analysis to agricultural problems. Anal.ytical 
agricultural chemists determined long ago the main constituents of plants 
and plant ash (28) from which were determined the · essentia-l constituents 
of good soil and of fertilizers which were moat conducive to plant life. 
"The analysis of seils is now considered a common essential to the farmer 
and important enough so that in most communities the farmer needs only to 
submit a ·sample of' his soil to the extension service of the state 
university in order to secure valuable infonna.tion."' (28) Having obtained 
his soil analysis, the thrifty farmer will then buy his fertilizer on the 
basis of' still further chemical analysis, (28) a fertilizer, the analysis 
of which is auitable ·to the type of soil the farmer may have. "Recently" 
says Meloche, (27) plant ash has been scrutinized for essential minor 
and trace constituents so that fertilizers ean ·be manufactured according 
to more accurate specification. When (28) the chemical requirements of 
good stock and cattle f'eed became known, it was a logical step to the sale 
of f'eed of guaranteed composition on the basis of' chemical analysis." 
Not only is chemical analysis the indicator needle as to whether constitu-
ents are detrimental or beneficial to crops but also to the anilllala that 
are consuming the crops. (29) This author found that analysis is most 
important in the dairy industries. It has become a necessity in every 
wholesale distributing plant such as Hoods and Vlhitings, to determine 
certain constituents before the products leave the plants. The laws in 
every state have become very stringent about them; for example, the 
adulteration of' milk or the total solids content not only in milk but 
cheese, ice cream or any dairy products. 
Chemical analysis is very necessary to agriculture. The quantitative 
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analysis has caused the institution of many laws both state and nation-wide. 
The analyti.eal chemist is indispensible to the f&.rlller and indirectly to the 
consum~rs. 
WHY AGRICULTURAL STUDENTS SHOULD TAKE QUANTITATIVE ANALYSISz 
According to Henry Kraybill (30) there are three groups or students in 
agriculture, first, those studente who will go into practical farming, 
extension work, teaching, and the like. They will invariably have occasion 
to use and interpret analytical data. Second, those students who are 
majoring in certain applied lines such as dairy manipulation, soils, ani~ 
nutrition, plant pathology, where quantitative analysis is of direct 
service as a workiDg tool. Third are students majoring in agricultural 
chemistry. The first two groups of students should be required to take, 
says Kraybill,(30) a course in quantitative analysis involving the 
prineiples· of volumetric and gravimetric analysis previous to some special 
work in agricultural analysis. The third group (3) should be required to 
take the same general Quantitative analysis required of students majoring 
in chemistry. "It should include," Kraybill says, "A very thorough train-
ing in the principles and practices of volumetric and gravimetric analysis 
and should be required to take at least six credits throughout one year 
in agricultural analysis." Whether the student shall put his knowledge 
to work in the classroom or the field, he shall apply the quantitative 
analysis data as frequently as the agricultural chemist. It would be 
very simple to give the student that knowledge or quantitative analysis 
in addition to the basic principles. 
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CBJECTIVES OF THE E:t-1PLOYER: 
The agricultural students realize ••hen they come into contact 'Hith a label 
containing an analysis, that certain pr inciples \-Ihich they have learned 
in school help them to interpret t hat information on the label. In the 
£ertilizer bus iness, the analytical chemist has become certainly an 
essential part . Halvoorsan says (29) 11analytical chemists in the f ertilizer 
industry have other problems to contend l<Ti th besides those involved by 
t he ir responsibility to see that products pur chased and those learning 
their plan~s meet the guarantees. Among these studies are the effects of 
curing and storing on proper granulation, to prevent caking int,o hard 
lumps after sacking, and to improve t he flm..r of fertilizers through the 
drills used by far mers in applying materials to the solids. During the 
past thirty years , practically every state in the union has passed feed 
control laws for the protection of farmers and other consumers. All of 
the lal<IS require, for example, minimum guarantees for protein, fa t and 
maximum guarantees for crude fiber on mixtures and feed by-products of 
the milling, brewing, distilling of cottonseed and linseed oil:? , and for 
other i ndustries. In addition, manufacturers are compelled to enumerate 
the ingredients of feed mixtures. The analyst must be declared a~d the 
listed ingredients must be registered 1.-1ith the State Department on proper 
forms and sho\m on labels attached to the bags in which rations are sold. 
Enforcement of these laws in the various states , directions of the compound-
ing of feeds in the factories and demonstration tests of rations by animal 
feeding experiments are the chemist's job. This is one phase of the 
analytical chemist 1 s job. 11 ( 29) He may control laboratories of a small 
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but growing concern; he may be in the state laboratories. However, 
where-ever he may be, the analytical agricultural chemist must be 
correct and precise. He will need a working knmvledge of the basic 
principles of quantitative analysis, gravimetric, volimetric analysis, 
specific gravities, refractometry, polarimetry, colorimetry, analysis 
of feeds, saponification of oils, fats, waxes, analysis of such dairy 
products as milk, cream - ice cream,butter, oleo, cheeses; analysis of 
fertilizers, insecticides and f'ungicides. This is the -vrork of the 
agricultural fu~alytical chemist, combining the chemistry and agriculture 
into one. 
The methods -v1hich the chemist will use Hill be those of the Associatmon 
of Official Agricultural Chemists. 11 It is absolutely essential that the 
college student preparing himself for analytical agricultural Hark 
should become acquainted -vri th this text," says Mr. Beals at Otis Clapp 
and Son. It is the methods put forth here that are used by the state 
laboratories. 
HOH8 ECONOHICS 
IHPORTANCE OF ANALYSIS IN HONE ECONOMICS: 
The field of Home Economics embraces a very large and diversified group of 
occupations. Host of these positions are filled by Homen. From a survey 
reported by Hartha Johnson (19) the following summary of occupations of 
home economics resulted between the years 1940-1947: 
TABIE DC - SUMNARY OF H0£1E ECONOMICS OCCUPATIONS: 
Home making 49?~ 
Hospital and conunercial dietitians 17% 
Secondary school teachers 14% 
College and University staff 4% 
Laboratory Research 2% 
Laboratory technicians 4% 
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TABlE IX - SUlVIM.CtRY OF HOlE ECONOMICS OCCUPATIONS: 
Business 
Graduate study 
Community nutrition 
Government extension 
Unknown 
2% 
2% 
2% 
1% 
3% 
It is safe to say that probably 25% of ho:n:fJ economics graduates -vrill be 
doing laboratory work, and hence, come into contact directly with 
quantitative analysis, or indirectly irJith the interpretation of its results. 
Miss Johnson says, "above all, I believe that analytical chemistry can be 
used as a medium for encouraging students to survey their Hark critically." 
It develops in the student an awareness of quantity. We Hill derive real 
mental stimulation from such a course and experience and improvement in his 
reasoning pm.rer a..r1d his poHer of analysis not entirely confined to things 
chemical. If the individual has sufficient training in analytical chemistry 
and cognate subjects, he will be in a position to nake definite contribu-
tions to his chosen field. (28). "One of the greatest needs," Niss 
J,hnson says, "particularly for the home economists 1.rho go into any type 
of laboratory Hark , is the ability to keep neat, com~lete and accurate 
records of their activlties. Ivnny home economists cam10t keep accurate 
records in their laboratory books • 11 (19) Their training in quantitative 
analysis 1.rill train them to develop near and accurate records. If the 
home economist goes into commercial laboratory "t-rork , this is an absolute 
necessity. The results therein are valuable property to the employer. 
HHY HOME ECONO:tviTCS SHOULD TAI\E ANALYSIS: 
"Analytical chemistry for the home economics student," says M. Johnson, 
"can be used as a medium for encouraging students to survey their uork 
critically. The process of considerbmg a specific problem - for instance, 
the assignment of analyzing a sample of soap, can be used as a means of 
teaching students how to figure out the correct methods that should be 
used , and to interpret the results from the vie1~oint of reasonableness 
of ansvrers" o o • Says YJiss Johnson, 11 I have observed a tendency among 
sorp.e home economics students to 11 feel11 , "believe", and "be of the opinion 
of" rather than to measure their results in definite and well-established 
vrays • 11 ( 19) 
Quantitative analysis bas become an essential requirement by the United 
States Department of Agriculture, in regard to the pure food laH. Says 
Hal voorsan, ( 29 ) 11 this administration employs a large number of chemists 1 
inspectors, clerks and scientists, 1..rho are put on special technical 
problems. Branch laboratories of the bureau are located in the principal 
cities tvhere samples from interstate shipments are analyzed as a part o.f 
the 1..ratch for violations of la1rrs. 11 Home economists who have had quantita-
tive a..'tlalysis experience tvould have an excellent background f or such 
pos itions . Quantitative analysis can become very boring to the home 
economist unless ivork is g iven which is in their field of interest. 
"If the studentsappear · to have a "pre-disposition" to1rmrd chemistry, 
usually making it impossible to teach them anything, 11 says Harvey Diehl, 
(2) "then the teacher is not doing his part of the job in providing vmrk 
vrhich will motivate the students because they are doing analysis which 
will be of no value to them." 
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OBJECTIVE OJ!, TIE E11PLOYERS OF HOME ECONONISTS: 
According to Miss Johnson (19) the folloHing principles should be 
established in a course of quantitative analysis, and she speaks as an 
employer: 
1. Precision 
2. Neatness and orderliness of thought and action. 
3. Accu~ate and complete recording of data 
4. Development of ability to coordinate activities so as to carry on 
tt..JO or more operations at one time. 
5. Ability to work carefully and thoughtfully to avoid need for repetitio • 
6. Ability to evaluate limits of error of methods of measu~e in terms 
of eventual use of the methods. 
She believes it is better to limit the introductory course to inorganic. 
Says Hiss Johnson, 11 for girls who are planning to work m laboratories 
and test rooms, or in hospitals, or in the general fields of nutrition 
and dietetics, some knowledge of the operation of pH meters, recording 
instruments , or indicating wattmeters, voltmeters, etc., -v1ill be 
extremely helpful. Colorimeters, either visual or photoelectric, and 
reflectometers are lD{e\nse exceedingly useful in the evaluation of food 
products , particularly in determining variations from standards, such 
as degree of browning, strength of coffee, and so on. 11 She believes 
that instruments should be emphasized rat her than the theory involved. 
Also, in future "\·Jerk for home economists, she believes gravimetric 
techniques vrill probably be used more t han volumetric. 
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CHAPTER VI - ANALYTICAL SURVEY OF. FIELDS OF STUDY 
UTILIZING QUANTITATIVE ANALYSIS 
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One of the objectives of ~is - thesis is to select som~ specialized ex-
periments which will be representative of the fields of study in the chemica I 
quantitative analysis course. The method of selecting these experiments was 
I 
to examine, first, the experiments actually peTformed· in the manufacturing 
laboratories; secondly, the background required by the employer; and thirdly 
to decide which of those . experiments performed could be used in the· school 
laboratory to explain the same basic experiments or principles as those I 
used or different experimen s studied not but perhaps with different materials 
all together so as to interest the student not only for interests sake but 
perhaps for facility in explaining the principle to him. This type of work 
would be of more use to the student in future work. The laboratories visit-
ed were1 
Table X - Laboratories Contacted for Thesis Information 
1. Beth Israel Hospital - February 18, 1950 - ;;o · Brookline Ave., Boston, Me. s. 
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2. St. Elizabeth's Hospital- February 20, 1950- 7;6 Cambridge St., Brighto ,Mass. 
;. Mass. General Hospital- February 2;, 1950- Fruit St., Boston, Mass. 
4. Chester A.Baker 1 s Chemists - February 24, .1950- 295 Huntington St., Boat n, Mass. 
5. Arthur D. Little Inc.,- February 27, 1950 - ?0 Memorial Drive, Cambridge, ~as. 
6. Skinner & Sherman, - March 1, 1950 - 246 Stuart St., Boston, Mass. 
7. B.B.Chemical Co. -March 2. 1950 - 784 Memorial Drive. Cambridge, Mass. 
8. Metal Hydrides - March 4, 1950 - 12-24 Congress St •• Beverly, Mass. 
9. Otis Clapp & Son- March 9. 1950- 4?Q BoylAton St •• Boston, Mass. 
10. Berry & Withington- Mar~h 10. 1950- 37 Harris St •• Cambridge, Mase. 
11. Werby Laboratories- March 10. 1950- 88 Broad· St •• BoRton. Mass. 
12. Hood 1s Milk Co. - March 14, 1950 - 560 Ruthe·rford Ave., Charleston, Maee. 
1). Whiting 1e Milk Co. - April 4, 1950- 577 Rutherford Ave •• Charleston, Mae • 
4. U.S.Testing Co. -March 15. 1950- 791 Tremont St., Boston, Mass. 
5. Noyes Products Inc. -March 17. 1950- 75 Federal St., Boston, Maes. 
1
6. P'ood and Drug of' Mass. - March ~0, 1950 - State H-ouae. Boston. Mass. 
7. FirAt National Storee -March ~1. 1950- Middlesex Ave., Sommerville, Mass 
jl'hese 
mente 
Ire a 
laboratories were chosen because they are a Dart of' well-knoWl"' establiah 
or manufacturing concernA in and around the Boston area. The f'ollowi~ 
eamole of' Rome of the questions which were asked of the people in char2:e 
·f' these laboratorie~: 
1. What is the background of the ne·reonnel in the laboratory? 
University 
Technician School 
Prep School 
High School 
2. If a person has a high school back.e:round is he automatically put on routin 
analysis? 
What Quality of work does he· do? 
How 1ong· does it take to train him? 
3. What is the attitude of the college student on taking up work in the 
laboratory? 
4. Do you believe that college students should be trained in organic enil.ysis, 
instrumentation, gas analysis. water analysis? 
5. What analyses do you run here? 
6. What background do you feel is necessary for the college student to have 
in quantitative analysis7 
These were the basic questions asked in each interview. Some· situations led 
to further Questioning. however. it all pertained to the question of' the 
efficiency of· the college preparation in the quantitative analysis course. 
Beth Israel 
Location - ';o Brookline- Ave •• Boston. · Mass. 
Time Interviewed - February 18, 1950 
Person Contacted - Mise Dorothy McCarthy 
Title - Chief Clinical Chemist 
There are several small clinical chemistry laboratories, here. each one 
being staffed by two or three girls. 
1. What is the background of the personnel working here'! 
1 The t~:irls employed here", said Miss McCarthy, •are reQuired to have 
a college degree. 11 
2. Do you employ high school graduates at any time? 
The idea expressed about high school graduates was that they are put 
into the student's courses at the hospital. that is, they are sent around 
into the various routine laboratories and stay for a few months, eo that 
at the end of the year they may be put into a routine laboratory in the 
bacteriology department. They are not nut into the clinical chemistry 
laboratories. '!he colle~e graduates have the theory, more or lese, which 
the high Achool etudentA ~ack. They are not able· to analyze for errors or 
to run new samples coming in which reQuire intricate techniQues. The phrase 
'lack of theory"was noted several times. 
'· What is the attitude of the college students? 
It is definitely an idea of know it all. "They have a lot to learn", said 
Miss McCarthy. "Not only is theory inadeQuate but there is definitely 
no idea at all of application. It takes at least six months to one year 
beyond the degree, even, to develop in the college graduate the proper 
attitude toward hie wor't and develop the traits of a true chemist.• 
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4. Do you believe that college students should be trained in organic analvsi ~ 
instrumentation. gas analvsis or wate r analysis, or just volumetric and 
gravimetTic analysis? 
Volumetric and gravimetric analysis are sufficient for the clinical 
chemist. However, the samples chosen for determinations at college are 
the keynote of the whole problem. Says Mise McCarthy, 1more practical 
samples should be given out, such as, blood, urinee, etc~. 
5. What experiments do you run here? 
Table XI - List of Experimen·te Performed at Beth Israel Hospital 
Determination Material 
Albumin-glob-
ulin 
Amylase 
Bilirubin 
Bromide 
Bromeulphalein 
anAlyzed 
s 
s 
s 
s 
5 mg/kg. body wt. s 
Calcium 
Cephalin 
flocculation 
Cholesterol 
Cholesterol 
esters 
C02 combining 
power 
s 
s 
s 
s 
p 
Container Minimum 
T 
T 
T 
T 
T 
T 
T 
T 
T 
Ox. 
Amt. reuaired 
8cc. 
Bee. 
lOcc. 
lOcc. 
45 1 spec. -Bee. 
2 1 epec.-Bcc. 
Bee. 
4cc. 
Bee. 
Bee. 
5cc 
Normal Values 
Alb. : 3.B to 5.0 
Glob.= 1.5 to ;.o 
4o to 100 units 
Direct• under 0.4 lll,ll• 
Ind. • under 0.8 ~. 
Lese than 5% retention 
at end of 45 min. 
9 to 11 mg. 
Ca.~ = 4.; to5.~. 
150 to 250 mg. 
65 to 75~ total cho • 
50 to BO vols.%or 
25 to 35 meq./1. 
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Determination Material Container Minimum Normal values 
Con,e:o Red 
0~25 cc. of 
a 1.5% solution 
per kg. P 
Creatine S 
Creatinine S 
Glucose IB 
Icterus Index S 
NPN IB 
Phosphatase (acid) S 
Phosphatase (alkaline) S 
Phosphorus(inorgainc) S 
Protein - total S 
Prothrombin P 
Sed. rate WB 
Sodium S 
Sodium chloride S 
Sulfonamide WB 
!hiocyanate P 
Thymol Flocculation S 
Tymol turbidity S 
Urea Nitrogen IB 
Uric acid S 
Ox. 
T 
T 
Ox.&Fl. 
T 
Ox. 
T 
T 
T 
T 
Sp.T 
Sp.T 
T 
T 
Ox. 
Ox. 
T 
T 
Ox. 
T 
Van den Bergh See Bilirubin 
Blood Combinations 
FBS & NPN IB Ox. 
Amt. required 
4 1 spec. -lOcc. 
60 1spec.-10cc. 
lOcc. 
8cc. 
3ec. 
5cc. 
3cc. 
Bee. 
15cc. 
8cc. 
5cc. 
4.5cc. 
5cc. 
15 cc. 
5cc. 
20cc. 
5 cc. 
5ce. 
}cc. 
6cc. 
}cc. 
More then 60% retent·on 
in one hour 
5 to 6 mg. 
1 to 2 mg. 
80 to 120 mg., faetir g 
Under 8 unitR 
Under 40mg. 
0,5-2.0 units (Gutnan) 
2.0- 4.0 units(Boda!sky) 
3.0 - 4.5 units 
6.0 - 8;·0 mg. 
over 75% 
Not over).5 mm.lmin. 
1.35 to 150 mea./1. 
570 to 620 mg. or 
97 to 106 meq./1. 
Toxic level > 10 :mg. 
negative 
o.4 to 4.0 units 
lO to 15 mg. 
Under 6 mg. 
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Determination llliaterial analyzed Container Mimimum Am t. Normal Ve.lue 
Required 
FBS, NPN, &C02 IB /- p Ox. 8cc. 
Ca., P04 s T 12cc. 
Ca., P04, Alk. P 1tase s T 18cc. 
Cholesterol & tsters s T 8cc. 
s - Serum p - Plasma WB - Whole Blood 
T- Test Tube Sp.T. - Special Tube Ox. - Oxalate Fl-. - Fluoride 
{6) Do you require t he students to have anything else? 
Biochemistry and Biology should be given to any student who is contem-
plating clinical chemistry as.a career. 
Mise McCarthy gave to this author a copy of 11 The Clinical Chemist Organizes" 
\J 
by Max M.Friedman, Chemical and Engineering News,gz, ~116(1949). She said 
that this article would explain to anyone how the personnel in the clinical 
laboratories of the hospitals feel in regard to thi s question of curriculum 
requirements in the coll~ges. 
St. Elizabeth's Hospital 
Location - 7~ Cambridge St., Brighton, MaAR. 
Time i nterviewed - February 20. 1950. 
Person Contacted - Miss Mary Winn. Assistant to Louise Barnes 
Title - Clinical chemist 
There iA one lA.rge laboratory employing about 15 people. 
{ 1) What is the back2:round of the people employed in the labor a tory? 
There is no college degree required to work there - but is preferred. 
However~ people employed must have had some experience. 
One ~irl from Regis College. 
One girl from Emmanuel College. 
One girl from Dean Junior College. 
Two girls from Wilson Technician School. 
The remainder of the girls employed here were experienced in this work. 
2. What ie the statue of a person comin,e: into this laboratory to work? 
'lhe people have to be tra-ined for six monthA to a year before they are 
trusted to do the work alone. Ae Miss linn etated, 11 Livee may depend on it. 
The non-collesz:e worker is rather careful in hie work. 
The college worker tends . to be 1 sloppy1 • 
:s. What is the attitude of the colle~e student on- entering the laboratory? 
They know that they must start at the bottom and, therefore, are willing 
to learn. 
4. Do you believe that college students should be more widely trained in 
Quantitative analveis .so as .to . include .water II'!S.ysie. ,gas analysis, 
organic analysis. instrumentation? 
Basic volumetric and ,gravimetric analysis with some colorimetric work 
is suff icient. 
5. What analyses do you run here? 
r,l 
•he experiments done at this hoepi tal are the same as those done at 
Beth Israel HospitA 1. 
6. What experiments do you feel are basically necessary for ever:v student 
in quantitative a~alysis? 
Mostly volumetric analysis because very few gravimetric analyses are run. 
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Massachusetts General Hoe pita l 
Location - Fruit St •• Boston, Mass. 
Time ~ February 23. 1950. 
Person contacted - Mise Jean Margaret Rourke 
Title- Chief .Clinical Chemist 
Mise Rourke is the head of a very large part of this hospital. She has com-
plete charge of the chemistry laboratorieR. lhe development. cnnt.rol, 
amd routine work comes to her department. 
1. What is the background of the people employed in the laboratory? 
College students are emoloyed as a general rule. People with a degree 
or with a background of college who could not finish due to financial 
circumRtances or similar misfortunes. are considered, end people with 
a large amount of experience. One reQuirement is a background of auanti-
tative analysis. lhiA is absolutely essential. 
2. Do you hire high school graduates at any time? 
.i.'hey never take in high school gradue tea and train them. 
3. lihat is the attitude of college students on entering the l e. boratory? 
The college students who have come to thi e laboratory to work muFit 1 earn 
and start at the bottom the same as anyone else. 
(1) The first week they are working with someone else. 
(2) Also the first week they are making up stAndard solutions and testing 
ti1eoretical ones. 
(3) the second week they are supervised on analyRee. 
(4) they are not put on their own until they are capable of handling 
the determinationA. 
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4. Do you feel that tbe college student is adeouately prepared to do the 
work? 
The college pre-paration se-ems· to be lacking · in· certain ways. the student 
has performed analyses in school but has no idea· of the pri"ciplee involved 
and. therefore, does not know how to apply himself as he should. 
5. Do you haveany particular reuqirements of potential candidates? 
l'he one requirement which is stressed is some mathematics. Not enough 
mathematics to be able ' to solve calculus problems but enou,e:h to be able 
to prove that they were capable .of going on. Those people who -have failed 
in mathematic ... those who have taken it and stopped. and those who have 
stayed away altoS!:ether from it are not .~rood to take in because their math-
ematiee errors are too often and too great and eomeofte 1s _life may depend 
upon it. Most students from college have had at least one vear of' quanti ta-
tive analysis. 
5. What analvses do you run here? 
Determination 
Amylase 
Ascorbic Acid 
Barbiturates 
Bilirubin 
Bromide 
Brom.eulphalien 
Table XII 
Temporary List from ~hemistry Laboratory 
Min. Am 1t used for 
single determination 
2cc.serum 
100cc.ur£ne 
2cc serum 
~cc serum 
4cc serum 
Normal Notes 
15 to ::1)5% un. 
0 
Direct- O.l-0.4MS!:.% 
Indirect- 0.3-0.7 mg% 
0 
0 State dose given 
n;"\.rt + ~ -~ 'h 1 n.,d _i_A 
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taken on reouisticn slip. 
Determination 
Calcuim 
Ceph. Floc. 
Chloride 
Cholesterol 
• esters 
Creatinine 
Creatin 
Fatty Acids 
Congo Red 
Ether 
Iron 
Fibrin 
Lipase 
Magnesium 
Oxygen 
Ph 
Phosphorus 
Min. am 1 t used for 
single determination 
2cc serum 
0.2cc serum 
0.5cc serum 
lcr. serum 
same filtrate 
o.8cc serum 
lee serum 
5ec eerum 
2ec serum at 4' 
60 1 p. injection 
o. 5cc plasma 
0.5cc sennn or lee 
whole blood 
5cc whole blood 
heparinized 
o.4cc serum 
0.2ce serum 
Phospholipids 
Pbosphatase(Alk.) 0.5cc serum 
Normal 
9-lltiig% 
neg. 
100-105 meq./1. 
150- 2;0mg% 
65% of total 
26-28 meq ./1/ 
l -2mg% 
190-42 mg% 
60- 70% ret. 
0.15- 0.; gm% 
15 to ~5 mg% 
15-2; vol.% 
Art.9;-95% Sat. 
7.35-7.45 
;.e-4.0mg% 
higher in children 
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Notes 
Put in cent. tu e 
use Do not 
saline in syril e 
Take under oil 
By arrangement cinly 
Do on fasting 
patient only. BE 
careful of hemo wsis 
Take in proth. 1 ~be. 
Antigen raises 
N values 
By special arrai1 Pe-
ment only. 
Under oil 8.11d 
delivered to lab 
at once naeked i 1 ice. 
Put in cenn·t. tub~ 
I 
2.o-;.5 un% Put in cent. tub • 
higher in children 
Determination Min. am 1t used for 
single determination 
Phosphatase(acid) lee serum 
Sugars 
levulose 
galactose 
fructose 
Potassium 
Prothrombin 
Protein(Micro) 
(Macro) 
A/G 
Salicylate 
Sodium 
Sugar 
4cc serum 
0. 5cc plasma · 
O.lcc serum 
0.5cc serum 
lee s~rum 
plus NPN 
lee serum 
0.5cc serum 
O,lcc whole blood 
Nonnal 
o.5•4.oun% 
4-5 meq./1. 
Normal given 
6-Bgm% 
6-Biw% 
1.1-2.6 
0 
1;7-145 meqjl. 
60-120 m,g% 
Sulfa drugs 0.2cc whole blood (micro) 
or lee whole blood in 
oxalate . bottle 
Thiocyanate lee serum 
Vitamin A & Carot. 2ce. serum 
Under 0.5ng% 
Carot. 1-; un/cc. 
Vit. A 0.4-1 un/cc 
Notes 
Tues. & FRi. onl 
Long procedure 
Call Chem. lab 
before 9sl5 a,m. 
Done with A/G 
and abnormal pro 
Big job - think 
; times before 
d · I II 0 r er1.ng ••• 
Fasting - can be 
taken micro or 
in oxlate bottle 
Micro tubes ob-
f.e.ined from lab. 
Urea Clearances Get directions from lab. follow directly 
Uric Acids 2cc. serum 
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ein 
Other detenninatione which Mise Rourke added to this list were: 
Hippuric acids 
Riboflavin 
Nicotinic Acid 
antithrombin 
Thiamin 
Spinal fluid proteins 
Gold sols 
Cyclopropane 
amino acids 
Porphryn 
Arsenic 
Mercury 
Boric acid 
Stool fats 
Lactic acids 
Ammonia 
Blood vo lume1 
extra-cellul!r fluids 
6. College students are trained in principles. If several determ:inations 
cannot be included in the · course then precision and accuracy must be 
demanded. 
The students should know: (suggestions f rom Mise Rourke) 
(1) Photoelectric colorimetry 
(2) Gas analysis 
(~) Van Slyke determination 
(4) C02 
(5) Operation of flame photometer. 
(6 ) The use of either a eli de rul e or l ogarithms. 
Bake·r Pharmaceutical Company 
'l'his company at 295 Huntington Street was approached but· their laboratories 
are not comme·rcia l . Their analyses ar e operated by one man who does no 
development work but merely checks on t he auali ty of the various drugs which 
Baker 1 e buy in from· other compa~ee. This man was a college t~:raduate, and 
had training in quantitative analvsis. 
Arthur D.Little, Inc. 
Locat ion - 30 Memorial Drive, Cambridge , Mass. 
Time - February 27. 1950. 
Person contacted - Mr. Karl Klaussen 
Tit1e - Chief Sales ManRger 
Arthur D. Little Company when first startin.e: out was a regular analytical 
laboratory. however, when the war came it converted comuletely over to 
research and has remained that way. 
l. What type of people are· employed? 
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The people employed are all college graduates. People with initiative and 
ingenuity are cons-idered. Knowing that the people have college back-
grounds means that the students have come into contact with analytical 
chemistry: probably all that he will need. 
'Ihe research people do their cwn analyseR when they need to be done. 
If several analyses h~ve to be done they are sent over to Skinner & Sherman 
at 246 Stuart St •• Boston. ~erefore,there is no routine analysis. 
2. Do the Engineers do their own analyses? 
i'he Chemical Engineers do their own analyses. ·l'he example given was: 
If a chimney is found to deposit materials on cars which is corrosive, the ~ 
it is the iob of the chemical engineer to determine the acid content 
and make recommendations for its corrections. 
(Note~ it is absolutely essential that chemical engineers have quantitative 
analysis for they do not only acid values but any analysis wh i ch comes into 
their field.) 
Skinner· & Sherman 
Location - ?46 Stuart Street, Boston, Mass. 
Time - ~arch 11 1950 
Person Contacted - Mr. H.C.Parrish 
Title - Director of Chemistry Department 
1. What type of background do you reQuire of your oersonnal? 
Only college trained peop l e are employed here. t'b.ey prefer college people 
who have had experience. majors in chemistry and not technicians. 
~; .: What is the attitude of the college people who seek employment here? 
People must be versatile. '%ey must be ready to a&pt themselves to 
the confines of a chemistry laboratory. l hey must be ready to analyze 
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SI<INNER & SHERMAN '-INC---
CHEMISTS AND ENGINEERS 
246 STUART STREET BOSTON 16 , MASSACHUSETTS 
What do you get when you buy analyses? Only a sheet with a 
few figures written on it. And aside from this scrap of 
paper, the value you receive is measurable only in terms of 
integrity. You must accept this report as you would a phy-
sician's diagnosis, and act on the results with confidence 
in the man who wrote it. Perhaps the analysis costs only a 
few dollars--yet on the basis of the 
result you must make a decision in- {/ - ----·-·- ··· -·-
volving thousands. Or it may be a 
job calling for special techniques 
and utmost precision, where an ex-
tensive study will cost a great deal. Isn't it best to know 
the reputation of the man behind the figure, when so much must 
be left to that man's integrity? 
For nearly three decades Skinner and Sherman, Inc. have been 
supplying services based on the highest concept of laboratory 
ethics. We are among the founders o f the American Council of 
Commercial Laboratories, an organization fprmed to promote 
such ethical practices in ~_onsul ting l aboratories, and which 
strictly regulates the conduct of 
its members. Experience, competent 
personnel, good technical and busi-
ness management have a l l combined 
to make this Boston organization 
foremost in the New England area. Where better can you spend 
your dollars for analysis, confident that modern technique plus 
old-fashioned experience have combined to give you the dependable 
result for which you have paid? 
Physical Testing t 
Spectroscopy ~ 
SKINNER AND SHERMAN, INC. 
Research 
< ( 
Biology 
) 
! Chemistry 
) 
Laboratory Activities 
Chemical Analyses 
Iron and Steel Products 
Non Ferrous Metals and Alloys 
Coal, Fuel Oil and Gasoline 
Lubricating Oils and Greases 
Animal and Vegetable Oils 
Textile Materials 
Foodstuffs 
Rubber Latex 
Leather 
Paints, Varnishes and Lacquers 
Rubber 
Soils 
Soaps and Detergents 
Feeds 
Fer t ilizers 
Water and Sewage 
Liquors 
Bacteriological Tests 
Milk - for Sanitary Quality 
Water - for Potability 
Foodstuffs - for Quality 
Carbonated drinks - for Spoilage 
Tomato Products - for Molds and 
Yeasts 
Canned Gorids - for Processing 
Antiseptics ~ for Potency 
Disinfectants - Phenol Coefficient 
Detergents - Efficiency in Dish 
Washing and Restaurant Use 
Mildew Preventatives - for Efficiency 
Fungicides - for Fungicidal Value 
Yeasts :... for "Rope" Organisms, etc. 
Ice Cream - for Sanitary Quality 
Spoilage Problems of all kinds 
B. 0. D. Values - Sewage 
Shellfish for Bacteria and Toxins 
Physical Tests of Paper, Textiles, Rubber, Leather, etc., including 
Fadeometer Tests for Ageing and Color Fastness. 
Inspection and Tests of Tar, Asphalt and Road Materials. 
Approved Laboratories for Testing of Wood Pulp, Denaturants, Rubber 
Floor Polishes and Cleaners. 
We test many other materials. If the one in which you are interested 
is not named above, let us know, and if we cannot handle your problem, 
we will direct you to some reliable organization that can. 
General Activities 
Advice on Matters Relating to the Manufacture and use of Paper and 
Allied Products. 
Establishment of Technical Control in Manufacturing Plants. 
Plant Surveys. 
Consultation on Problems involving use of Cement, Concrete, Plaster 
and similar materials. 
Establishment of Factual Evidence for Court Purposes. 
Investigations and Opinions on New Processes. 
The laboratory facilitie s and personnel of Skinner and Sherman, 
Inc. have been carefully developed over a period of thirty years 
to offer an analytical service well rounded and complete, in the 
fields of chemistry, physics and biology. Through the years we 
~ have grown to be the largest testing and analytical laboratory 
in New England, yet we are not so large that the personal interest 
we feel in the client's problems has to give way to impersonal 
office routine. The laboratory setup is designed to make possible 
a close cooperation between the client and the man who actually 
does the work. This personal approach eliminates much time-
consuming correspondence, and makes it possible to get a straight 
answer to a direct question without a lot of red tape. 
Through thirty years of service to industry, Hervey J. Skinner 
(M.I.T., S.B.) President, Herbert L. Sherman (M.I.T., S.B.) and 
Burton G. Philbrick (M.I.T., S.B.) Vice-Presidents, have directed 
the management and development of this organization. Recently, 
William W.A. Johnson (Harvard, M.A.) has been elected Treasurer, 
and a new board of directors, comprising the above officers and 
the following, appointed: 
Albert H. Bump (Harvard A.B.) Monsanto Chemical Company. 
Kenneth R. Fox (M.I.T. M.S.) President, Lowell Textile Institute. 
Thomas R. P. Gibb, Jr. (M.I.T., Ph.D.) Director of Research, 
Metal Hydrides, Incorporated. 
Daniel P. Norman (Harvard, Ph.D.) N.E. Spectrochemical Laboratories 
Arnold C. Rood (M.I.T. S.B., S.M., B.U., L.L.B ) Kent and Rood 
The acknowledged technical leadership of the officers and directors 
combined with the skill of our experienced personnel insures the con-
tinuing development of Skinner and Sherman, Inc. to meet tomorrow's 
needs. 
In addition to the analytical services described below, we offer 
many specialized services, such as Spectrographic and Micro chemical 
Analyses. Let us know your .needs. If we cannot handle your prob-
lem, we will direct you to some reliable organiz a tion that can. 
CHEMICAL: 
Gravimetric Analysis 
Volumetric Analysis 
Colorimetric Analysis 
Spectrographic Analysis 
Microchemical Analysis 
Mineralogical Analysis 
Metallographic Analysis 
Organic Analysis 
Gas Analysis 
PHYSICAL AND ENGINEERING: 
Abrasion Resistance 
Solvent Resistance 
Heat Transmissions 
Specific Heat 
Catalysis 
Combustion 
Motion Study 
Color Fastness 
Density 
Distortion 
Light Reflection 
Light Transmission 
Hardness 
Tensile Strength 
Thermal Expansion 
Particle Size 
Bacteriological: 
Water Analysis 
Disinfectants 
Extraneous Matter 
Sewage 
B. 0. D. 
Molds 
Spores 
Yeasts 
Germicidal Activity 
Bacterial Counts 
Bacteriostatic Tests 
Microbiological Assays 
Mildew 
Vitamin Assays 
Toxicity 
SOME MATERIALS HANDLED: 
Adhesives 
Alcohol 
Algae 
Ammonia 
Antiseptics 
Asphalt 
Beverages 
Bread 
Brine 
Butter 
Caffeine 
Cement 
Cheese 
Chocolate 
Chrome Liquors 
Cider 
Clams 
Coal 
Cocoa 
Concrete 
Cracklings 
Creosote 
Denaturants 
Detergents 
Disinfectants 
Drugs 
Dyes 
Fabrics 
Fats 
Feeds 
Fertilizers 
Flavorings 
Fish 
Flour 
Foods 
Fruit 
Gasoline 
Grease 
Honey 
Ice Cream 
Ink 
Insecticides 
Iron 
Leather 
Lime 
Liquors 
Meats 
Milk 
Minerals 
Molasses 
Mustard 
Nicotine 
Oils 
Ores 
Paint 
Paper 
Pavings 
Plastics 
Plating Solutions 
Pulp 
Putty 
Rosin 
Resins 
Rubber 
Salt 
Sausage 
Sewage 
Shellac 
Soap 
Soils 
Spices 
Steel 
Sugar 
Tars 
Textiles 
Varnishes 
Vegetables 
Water 
Wood 
any sample which might come into the laboratory. 
3. What types of ana-lyses are done here? 
See folder enclosed on next page. Table XIII 
4. Other recommendations as regards the quantitative analysis couree1 
The student should be thoroughly grounded in organic and inorganic 
analysis. He should be trained in photoelectric colorimetry, and 
spectrographic work. 
B.B.Chemical Co. 
Locatinn - 784 Memo~ial Drive. Cambridge, Mass. 
Time - March 2. 1950. 
Person Contacted - Mr. Philip A.Shillenn 
Title - Chief Analytical Chemist 
. 1 
1. What ie the background of the people employed here 
Master's degrees and Bachelor's degrees are considered. The company 
may send people who have had a large amount of experience to night school 
in order to-obtain such degrees if they are not held. 'l'hese people are 
then out on analyses which are repeated several timee in each day such 
as viecosi ties. 
2. flhat type of work is done here? 
The work in the analytical laboratory here is all control work. Both 
organic and inorganic analyses are run but predominantly organic analyses, 
commercial organic analyses. 
?. Do you believe college graduates should be trained in organic analysis, 
instrumentation, or gas analysis? 
The college people· have to be trained in the use of ins t ruments, Or.elJliC 
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analyses, and most important of all the atmosphere of the laboratory. itself 
He has to be a trouble shooter. analyzing for errore as well as quantitative 
data. He must be well trained in methode. an·d application. "We use•, says 
Mr. Shillenn. •about 20-30% instruments and therefore feel that some trainillJ 
must be given· in this line. 
4. What analyses are run here? 
(l) Calibrations 
(2} Carbon by combustion 
(~) llcohols (4) Saponification 
(5) Acid values 
(6) ~efractive index 
(7) ~eterification 
(8) Acetyl numbers 
(9) Kjeldahls · 
(10) Iodine· numbers 
(11) S,Cl, _C,H, 
(12) Commercial organic analyses run 
adhesives 
(1~) 
(14) 
(15) 
(16) 
leather analyses 
paints 
pigments 
Viscosities 
Flash pointe 
Qloudinese and pour· points 
l:1olor 
Otis S.Clapp & Son, Inc. 
Location - 744 Newbury Street, Boston MaRs. 
T~e i~terviewed - March 9, 1950. 
Person contacted - Mr. Beals 
Title - Director, fteeearch a.nd Control work 
1. What is the background of the personnel in the laboratory? 
The people in the laboratory have a B.S. in chemistry e.nd usually a 
bacteriology minor. According to Mr. Beals the college students have to be 
trained because they are never equipped with any of· the skill to run the 
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the particular analyses which they have· to run. 
2. lbat does the · college student do on entering the laboratory? 
'I: hey seldom do the same· analysis each day. It is control work but not 
necessarily routine. They may have a different determination to do each day 
of every year. These determina tiona then may be repeated, so the: t it ia<a 
cycle of work and is interes·ting to do. '£bey become acquainted l!ith each 
determination in that way. It is development work to some· extent. 
). Do you believe that college students should be given instrumentation, 
organic analysis, or gas analysis? 
Volumetric and gravimetric analysis at least; some· instrumentation •. 
4. What determinations do you run, here? 
Any. determinations which are ·usted in the Pharmacopoeia, and the Ae·soeia-
tion of Official Agriculture Chemists, and very few cosme·tice. No narcotics 
are run. Such instruments · as the· colorimeter, spectrograph, microscope, 
and oscillascope are used. 
5. What suggestions do you have for the student pr•paring to enter the field 
of pharmaceutical analysis? 
'!hey should have a thorough knowledg·e of two bookss 
(1) Pharmacopoeia 
(2) Association of Official Agriculture Chemists 
All determinations therein are legal me·thods approved by the government. 
Suggested experiments: Turns, aspirin, Ca and Mg carbonatee. 
Hood 1 e Milk Company 
Location -560 Rutherford Ave., Charlestown, Mass. 
Time interviewed - March 14, 1950 
Person contacted - Mr. !~W.Howard 
Ti-t-le- - Assistant director of Laboratories 
1. What is the background of the personnel in the laboratory? 
The people employed here are both high school and college graduates. 
The graduates of high school are tried out and then trained in the ways in 
which this company wants· them trained. '!he college students need very 
little training. 
2. Do you believe that students should be given instrumentation? 
There is a definite need for the use and training of people in the use 
of the refractometre, potentiometers, microscopes, and hygrometers. 
;. What analyses do you run here? 
(1) Total solids on all milk products 
(2) Specific gravities 
(;) Acidities 
(~) Ash 
(5) fats and butter fats 
(6) water content 
(7) total nitrogen 
(8) Phosphatase 
(9) Salts, caesin, albumin. 
5. Suggestions for agriculture majors in analysiss 
(1) Use of a lactometer to determine the total solids on milk 
(2) Nitrogen test on a dairy product 
(;) Salt content in butter 
(4) Phosphatase in milk 
Whiting Milk Co. 
Location - 570 Rutherford Ave. ~ Charlestown. MaAs. 
Time interviewed - April 4. 1Q50. 
Per son Co~tacted - Mr. Steohen AdamA 
Title - A Quality supervisor 
1. What is the background of the people in vour laboratory? 
"We employ technicians. high school graduates, and the like but very 
few col l ege peoole 11 said Mr. Adams. 'Ihe routine work and low salary 
are not conducive to the employment of college people. Tbev would like 
verv much to have college people as it takes long periods of time to train 
non- college people. The college oeoole have to be trained b~t only to a 
certain point. 
2. What type of work do the hi~h school people do? 
They are fully as accurate in their work. 
~. What analyses do you run here? 
4. 
(!)Butter fat and moiAture on milk and cream 
(2) ~utter fat on ice cream 
(;) Acid teste (4) Lactometer readings 
(5) Freezing pointe 
(6) Spectro£raphic work 
(7) Phosphates 
(8) Plate counts 
On Boiler Water 
( 1) Hardne·se 
(2) Chlorides 
()) total hardness 
(4} pH 
Cleaning Solutions 
(1) Active alkinity 
(2) Total alkinity (?) Carbonate content 
to eg.ti..culture me j ora in anq..s.is. 
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Food & Drug Division of Mass. Public Health Department 
Location - State House 
Time i nterviewed - Marnh ~0. 1950. 
Person Contacted - Mr. Elias P.Boyce 
Title - Deputy Chief of Laboratories 
1. What is the background of the people in the laboratory? 
They like colle~e ~raduates. however. being under civil service. they 
have to accept what come in. SometimeR peonle with experience take the 
exams and pass them and ~et the eame rating as the colle~e people. 
2. What is the status of the people coming to the laboratory? 
When anyone comes into the laboratory they have to be trained for some 
time and it takes about a vear. 'r.hey are required to stay ~years. The 
colle~e sturlents who come in need lese training and ~rasp whatever work they 
are to do mu:ch quicker. 
). What analyses are run frequently? 
(1) Reducing sugars 
(2) Kjeldahl nitrogen 
(j) Total solids in milk 
,4) Ammonia by the aeration 
(5) Calcium 
{6) Phoepha tee 
(7) Liquors -alcohol content 
Anyth i ng is analyzed here. lhe Pahrmacopoeia and the Association of 
Off i cia 1 A~riculture Chemists are the two standard texts used. These methodJ 
are official. Samples from the various companies are analyzed to prove 
that the labels on the bottle are correct. 
First National StoreR 
Location- Middlesex, Ave • • Sommerville, Mass. 
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Time interviewed - March 31. 1950. 
Person contacted - Dr. Barron 
Title - Chief Chemist 
The work carried on in this laboratory is not research in the literal sense 
of the word. '.i.'he work is development in that the products which are now 
manufactured are improved upon-but the materials are already bein,g: used and 
sold but the laboratory is merely improving them in some way. 
1. What is the background of the neople in the laboratory? 
there is a staff of nine all the time. 
Two biochemists. two food technologiet.A. one chemical engineer from 
Mass. Institute of Technology who turned cereal chemist, and now has complet 
charge of the bakery laboratory, t.wo women on ana-lytical work. one B 1<:raduat 
of BoAton University and the other a graduate of Univereitv of New Hampshire 
two co-operative students from Northeastern University. 
are college people. 
2. What analyses are run here? 
The analyses which are run everyday are: 
( 1) Flour for mob ture . ash and protein 
(2) Dried beef - sal t content and moisture 
(~) Peanuts -moisture 
(4) Beans -moisture 
All the people 
(5) Jellies, preserves, :iuicee and fruits - soluble solids. oH. viscosit_. 
refrsctive index. 
(6) Synthetic detergents. 
3. SuE~e~tions from Dr. Barron: 
He approves 100% of the cooperative ulan for education. It not only 
lightens the burden of the colle.~~:es and gi vee the students many advantages 
which the colleges cannot. but it gives the students the exper ience which 
they need wh~n they graduate. 
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Metal Hydrides 
Location - 12-24 Congress Street. Beverly. MaRs. 
Time - March 4. 1950 
Person Contacted - Mr. Richard Blair 
Title - Cheif Analytical r~emiat 
In view of +he fact. that this plant is still doing secret work not too 
much information could be obtained as to the work done. However, the 
information obtained is not intended to be used for any other purpose 
than to aid in the preparation of students in college who are in the quntita ive 
analysis course. 
1. What is the background of the people in the laboratory? 
College people and high school with some experience in analysis are 
employed. 
~. What is the type of work done by these people who are not college grads? 
People who come here to work are asked if they have had some experience 
with routine analysis of compounds. any development work, research, or con-
trol? They are asked what they would prefer to do? Usually they are startec 
on routine analysis. Their work has to be precise. The non-college people 
have very good accura.cy and precision after being taught. 
;. Do you believe that college students should be trained in inetrumentatioJ 
organic analysis. gas analysis. water analysis? 
The student should be more widely trained in instrumentation. 'fhe chemical 
engineers do the .sr:ae analyeiA. 
4. What analyAes do you run here? 
(1) Any ore111 which are brought in. 
(2) Ti 
(~) Fe with permanganate or colorimetrically 
(4) Or 
f&::,) T,iwooDa+n_...,.., 
(6) acids and alkalies. 
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Beth St. Eliza- Ma:jsa- Arthur Skinner & 
Israel beth's chusetts Little Sherman 
Hospital General 
/ &/' V' v' 
• College v Technician v High School 
2. Does a college 
student need: 
c./ (/"' ~ Instrumentation ../' v Organic analysis 
v' v Gas analysis t/ 
J. Are Vol. & Grav. 
analysis 
sufficient No No 
4. Suggestions for More Mathe- Iirl.tia- Biology 
training of practical matics tive 
more 
college people samples 
Theory practical for 
samples 
analysis 
Biochemistry 
Biology 
B. B. 
Chemical 
~/" 
No 
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v 
/ 
v 
No 
Practical 
samples 
otis 
Clapp 
v 
No 
Hood's 
v 
v 
v 
No 
Practical 
samples 
Whiting State 
Food 
1./ &vnrug 
v I./ 
(/ .,.., 
v 
No No 
First 
National 
S~es 
No 
'Cooperative 
education 
practical 
samples 
Theory 
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CHAPTER VII - BASIC SUGGESTED REQUIREMENTS . OE' ALL FIELDS 
UTILIZING QUANTITATIVE ANALYSIS 
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One of the methods of obtaining a common core curriculum of material 
is to invite the various schools to present their ideas as vrell as their 
courses 1 content. A questionnaire 1·18.S constructed and sent out to: 
TABIE XV - SCHOOlS PARTICIPATll'JG I N THIS STUDY: 
Boston College 
Harvard University 
University of }fassachusetts 
11assachusetts Institute of Technology 
Northeastern University 
Simmons College 
Tufts College 
Boston University 
These colleges, 1r1hich inhabit the Boston area, are some of the most note-
1-.rorthy in the country. It 1Jas felt that this presented a representative 
sample. Resv~ts of this survey are going to form a set of basic experi-
ments ; the experiments being performed at all the colleges. 
1he follm.Jing questionnaire is a sample of those sent to: 
Boston College 
Harvard University 
l~ssachusetts Institute of Technology 
University of Hs.ssachus etts 
Simmons College 
Tufts College 
Northeastern University 
Boston University 
(l) Please check the various fields of study represented in your 
elementary Quantitative Analysis class. Also the approximate number 
of each: 
a. Pre-medical 
b. Pre-dental - -• • • 
c. Chernistry 
d. Biol~.U • • • • 
e. Geology • • • f. Hospital Technology 
g. Home Economics • 
h. Nursing 
i. Agriculture • • 
* j. Chemical Engineering 
* k. Physics • 
* l. Engine~ ring 
- -* m. FQod Technology 
* n. Public Health 
* 
o. Science 
* P• Unclassified • 
* denotes those whieh were added by the various professors from 
the schools. 
(2) Is any distinction made in the nature of experiments (unknown) 
analyzed to differentiate these various fields of study? 
(3) What criteria are used in selecting the unknowns which the 
students analyse? 
(4) What are t he objectives of the elementary quantitative analysis 
laboratory course which YQU teach? 
(5) Do you feel that at least half of the experiments performed are 
of interest and use to the student? 
---
(6) Do you beli eve that students enrolled i n the elementary quantitativ~ 
analysis course should be given expertments in & 
instrunentation 
organic analysi s 
gas analysis 
(7) What i~your quantitative analysis laboratory curriculum of 
experiments? 
(8) How many semester hours are all~wed for the quantitative analysis 
laboratory? 
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The following letter was enclosed with the questionnaire to -
Dr. J. J. Lingane, 
Harvard University, 
Cambridge, Mass. 
Dear Dr. Lingane, 
Harvard University 
Massachusetts Institute of Technology 
Boston College 
University of Massachusetts 
Charlesgate Hall 1 
4 Charlesgate East, Boston,Mas • 
April 6, . 1950 
I am a student at Boston University Graduate School. My thesis requires 
some date which I should like very much to obtain from you. 
My thesis subject is an examination of the curriculum of experiments 
which are required of students in Quantitative Analysis·. 
After obtaining the experiments required in the course from colleges 
in the Boston area, ! .shall formulate a set of basic experiments 
necessary in all branches of study represented in the course. Experiments 
which are special to these various branches of study, I have formulated 
from material obtained in the laboratories directly connected with those 
fields of study. A combination of the two shall complete the course of 
study on which I am working. 
I would appreciate it very much if you would answer the questions 
enclosed and forward them to me as soon as possible. 
Thank you. 
Sincerely yours, 
Jacqueline LeMay 
To Northeastern University, Simmons College, Tufts College, the following 
change was made in the first paragraph: 
"I am a student at Boston University Graduate School. Ky thesis requires 
some data which I should like very much to obtain from the person in 
charge of the Quantitative Analysis course in your . department. Would you 
kindly forward this to the party mentioned above." 
RESULTS OF THE QUESTIONNAIRE 
(1) Professional objectives (%) 
Pre-medical and Pre-dental 
Chemistry and Chemical Engineering 
Biology • 
Geology 
Hospital TechnolQgy 
Home Economics 
Nursing 
Metallurgy 
Engineering 
Physics 
Food Technology 
Public Health 
Science 
Agriculture 
• 
18.27'/o 
. 42.48'/o 
11.53% 
0-31% 
3-33;! 
1.25% 
0.36% 
3-10% 
13.10;( 
1.93% 
0.66% 
0.13% 
1.84'/o 
1.44:4 
(2) Is any distinction made in the nature of experiments (unknowns) 
analyzed to differentiate these various fields of study? 
NUMBER OF SCHOOLS: YES: 
8 1 4 3 
(3) What criteria are used in selecting the unknowns which the students 
analyze? 
a. Representation of fundamental methods and laboratory operations. 
b. The illustration of fundamental analytical chemistry and techniques. 
c. Analyses whieh are comman and likely to be done by the student 
after completion of the course. 
d. Course of study as recommended by the American Chemical Society. 
e. Basic procedures requiring a standard group of unknowns are 
given in all first class textbooks. 
f. Ease of preparing samples. 
g. Freedom from "tricky" details in the analysis. 
b. Natural interest in the substance. 
i. Applicability of the mat,r-ial to the topics under discussion. 
j. Standard practices as found in the best textbooks, working up 
from the simpler to the more difficult, thus allowing greater 
concentration on technique for the beginner. 
k. Simplicity so that the student may gain confidence in his 
ability. 
1. Diversification sufficient to illustrate the various types 
of manipulation. 
(4) What are the objectives of the elementary quantitative analysis 
laboratory course which you teach? 
a. Basic technique in the use of analytical balance and apparatus. 
b. Knowledge of different methods, procedures, theoretical principles 
c. Acquaintance with theory and methods of quantitative analysis 
for later work and vocational application. 
d. Acquisition of good laboratory technique. 
e. Keeping an orderly and eomplete laboratory notebook. 
f. Facility in problems of stoichiometry. 
g. Further refinement of theory of solutions 
nature of precipitates. 
h. To learn manipulative proficiency. 
i. Appreciation of limitations and possible errors of a determination 
j. Efficient calculations. 
k. Teach chemistry. 
1. Teach evaluation of the accuracy of experimental data. 
m. Develop quantitative thinking. 
n. Application to any problem. 
(5) Do you feel that at least half of the experiments performed are of 
interest and use to the student? 
NUMBER OF SCHOOLS: INI'EREST: 
8 8 7 
(6) Do you believe that students enrolled in the elementary quantitative 
analysis course should be given experiments in : instrwnentation, 
gas analysis, organic analysis. 
NO INSTRUCTION: INSTRUCTION: DEMONSTRATION: LECTU lE: 
Instrumentation 
Organic Analysis 
Gas Analysis 
3 
6 
4 
2 
0 
2 
1 
0 
1 
1 
0 
0 
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(7) 1--Jhat is your quantitative analysis laboratory curriculum of experiments'i 
Table 16 - Experiments performed jn Quantitative Analysis 
as reported by colleges in Boston area: 
VOLUlvJETRIC ANALYSIS: 
Chloride - Mohr 8 
:F'ajans 6 
VoU1ard 3 
Prep & 
Stand. 
Prep & 
Stand . 
I ron 
Calcium 
Prep. & 
Stand. 
Soda Ash 
acid 
base 8 
KMn04 8 
Ceso4 4 
KHn04 4 
K Cr 0 6 
2 2 7 
I\Mn.O 
4 
2 
I 
2 6 Na S 0 
2 2 3 
8 
Replaceable Hydrogen 
Hn02 Kivin£ 
Copper Ore 
Ant:llnony 
Chromium 
Oxalate 
Arsenic 
Stand. of KCNS 
8 
3 
2 
4 
l 
1 
1 
1 
GRAVIHt!;TRIC ANALYSIS : TI'JSTR1H£Nr S: 
Chloride - Gooch 7 Balance 
Filter Paper 2 
Copper 
Sulphate 8 
Lead 
C02 Ignition 
1 
Train 5 Refractometer 
Silicon Dioxide 6 Spectrograph 
Hydrous oxides 6 
Iron ore 4 pH meter 
Calcium oxide 6 
H!:tgnesium oxide 7 
Tin 4 
Nickel 2 
Zinc 4 
Silver coin 1 
Phosphorus pentaoxide 2 
Silicon dioxide HF 2 
Carbon - combustion 1 
Alum 1 
Barium 1 
SPECIAL EXPERilvENTS 
Sodium nitrite 
Paris Green As & T 
Cu & r; 
Calibration of glassware 
Dilution to exact normality 
Special alloys, minerals, foods 
industrial products 
Calibration of '\.Jeights 
Ivrineral Oil 
City gas 
Kjeldahl 
Nickel and Manganese 
Colorimetry 
Fater analysis 
and 
8 
6 
5 
1 
1 
1 
1 
1 
1 
6 
1 
1 
4 
1 
1 
2 
1 
1 
1 
II 
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(8) How many semester hours are allowed for the quantitative analysis 
laboratory? 
SCHOOLS CHEHISTRY ¥1AJORS SCHOOIS NON-CHEMISTRY MAJORS 
3 2-4 hour labs/vreek 2 *2-4 hour labs/week 
3 2-3 hour labs/vreek 3 2-3 hour labs/week 
1 3-2 hour labs/vreek 3 2-2 hour labs/vreek 
1 2-2 hour labs/\.reek 
* one term only 
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Table 17 - Basic Experiments from Colleges in Boston Area 
Those experiments done by four schools out of the eight are taken as the 
basic experiments. These experj~ents are to be performed by every 
student regardless of specialization. 
VOLUivETRIC: GRAVI:r-ETRIC: 
1. Chloride - Hohr Chloride - Gooch 
Fa jan 
2 . Preparation & Standardization Sulphate 
nTSTRUI-E NTS: 
Balance - use 
of sensitivity. 
Electrolysis 
of acid and base Copper 
J. Preparation & Standardization Carbon dioxide - train 
of KHnOL, 
4. Iron CeSO 4 
KYlll0
4 
K Cr 0 
2 2 7 
5. Preparation & Standardization 
of I and Na S 0 
2 2 2 3 
7. Replaceable hydrogen 
8 . Antimony 
Silicon dioxide 
Hydrous oxides 
Calcium oxide 
M:tgnesium oxide 
'l'in 
CHAPTER VIII - SPECIAL EXPERIMENTS SUGGES'IED FOR FIELDS OF STUDY 
REPRESENTED IN 'IHE QUANTITATIVE ANALYSIS LABORATORY COURSE 
99 
These experiments to follmv have been chosen from material obtained 
from the interviet.rs in the field, from material received on the 
questionnaires, or from the official and tentative methods of the 
Association of Official Agriculture Chemists and the Pharmacopoeia. 
These are experiments vlhich are within the fields of interest of the 
students . They are not forced or unnatural analyses but analyses 
v.rhich would illustrate principles of quantitative analysis as well as 
the usual basic experiments. 
All of thes~ experiments do not have to be performed. Their substitution 
occasionally for some of the less stimulating ones now being done 11ould 
interest the student. The student's attitude and work will reflect 
his interest in doing these practical analyses and his interests are 
the reasons for his taking the course. 
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HOJ'.£ ECON011ICS: 
l. Bala.rwe and calibration of glass'ltTare 
2. Preparation and standardization 
of acid, base ICMn01~, Na2s2o3 
Determine alkalinity in NaHCO 
3. Calcium in fruit juice 
Manganese, coloremetrically in 
fruit juice 
4. Iron in baking povrder - K2c2o7 
Ceso4 
5. Chloride - Iliohr 
Fajan 
- roasted coffee 
dried beef 
6. Standardization of iodine 
as in Calcium arsenate 
7. Chloride - in table salt 
8. Sulphate in Vinegar 
9 . Carbon dioxide in baking powder 
10 . Hoisture in peanuts, beans 
11 . Protein in flour 
12 . Soluble solids in fruit -
refractometer viscosity pH 
13. Polarization of honey 
14. Specific gravity of beer - pyconometer 
AGRICULTURE: 
l. Balance and calibration of 
glassware 
2 . Preparation & standardization 
of acid, base KHn4 , Na4s2o3 
Determine acid content in mi 
deternrlne alkinity in soda asl 
3. Babcock test for fat determin 
ation in milk. 
4· Chloride - Hohr (boiler Hater 
Fajan(from milk 
(tanks 
5. Calcium oxide in mineral 
feeds - I\MnO 
4 
6. Total nitrogen in soil . 
Kjeldahl - coloremetrically. 
7 . Standardization of iodiDe -
Arsenic in Paris Green 
8. Chloride - boiler 'ltTater 
sulphate in salt 
9 . Copper electrolysis 
using Paris Green 
10. Added Hater in milk 
refractometer 
11. Na co3 fusion - using soil 
12. Si02 
R 0 
2 3 
GaO 
HgO 
13. CO - ignition - Paris Green 
2 
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PHARHACY: PRE-J:.JE:D ICS, PRE-DEI-JT:IUS, CLINICAL 
CHEMISTS: 
1. Balance and calibration of glass,.Jare 1. Balance and calibration of 
glass1t1are . 
2. Preparation & standardization 
of acid, base, KMn04 Na2s2o3 
J . Determine acidity in organic acid 
Determine alkinity in NaHC0
3 
4. Calorimetrically determination of 
free salicylic aCid in aspirin 
5. Chloride in NaCI - Mohr 
Fa jan 
6. Lugol 1 s solution- using iodine 
Na2s2o3 
7. Iron - IU.1n0 4 
K2C2 07 
Ceso4 
8 . Arsenic - avsenious oxide 
9 . Ha2s2o3- b1·omine method for 
determining total salicylates in 
aspirin 
10. Calibration of ·~t~eights 
11. Chloride in NaCI 
12. Sulphate - morphine sulfate 
13. Carbon dioxide - NaHC03 
14. LL~estone - CaCO 
HgC0
3 
15. 
16. 
l'!fagnesirun - l1ilk of l•Jagnesia 
pH on an organic acid 
2 . Preparation and standardizQt ion 
of acid, base , KHnO Na S 0 
4 2 2 3 
3. Determine acidity i n organic acid 
Determine alkinity in NaHCO 3 
4 . Preparation and standardization 
of KCNS - chloride - 1lolhard in 
blood or urine . 
5. Calcium in blood - KHno4 
6. Iron on whole blood or plasma 
CeS04 K Cr 0 
2 2 7 
7. Kj eldahl nitrogen on urine 
calor imetrically. 
8 . Standardization of iodine -
determine arsenic in uri ne . 
9 . Bromide in blood - AgNO 3 
10 . Inorganic sulfate in urine 
11 . Carbon dioxide and oxygen - serum 
by Van Slyke 
12. pH - serum -
13. 
14 . 
P2o5- gravimetric - urine phosphorus - calorimetr ically 
Ul' ine 
Vitamins A. and carotene 
B - riboflavin 
thiamin 
nicotinic a cid 
C - ascorbic acid 
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18 . Phosphorus - gravimetric - urine or blood 
GHLMISTID_ 
1. Balance and calibration 
of glassware 
2. Preparation and standardi-
zation of base, acid, 
KMno4 • Na2s2o3 
3. Iron by Ceso4 
K CrO 
2 2 7 
4. Calcium oxalate - KMno4 
CHEMICAL ENGINEERING 
1. Balance and calibration 
of ~lassware 
2. Preparation and standardization 
of base, acid. KMnO Na S 0 
4; 2 2 3 
3• Iron by Ceso4 
KMno4 K Or 0 
2 2 7 
4. Steel - Colorimetric Mn 
5. Preparation and standardi 5. Preparation & standardization 
zation of antimony and arsenic of iodine 
6. Chloride - Mohr 6. Copper ore 
Fajan 
Volha.rd 
7. Calibration of ~eights 
8. Chloride - gravimetric 
9. Sulfate - gravimetric 
7. Chloride - Mohr 
Fajan 
8. Gas analysis {GI2) 
9. Calibration of weights 
10. Chloride - gravimetric 
~o. Limestone 11. Steel - Ni gravimetric 
1. Steel - Mn - calorimetrically 12. Brass - electrolysis 
Ni gravimetric 
2. Brass - electrolysis 
3. Use of refractometer 
4. Use of polarograph 
~5. Specific gravity 
13. Flash point 
14. Viscosities 
15. Specfic ~avities 
16. Special alloys 
INDUSTRY: 
1. Balance & calibration of 
glassware 
2. Preparation & standardization 
of acid, base, KMno4 Na2s2o3 
3. Iron by K Cr 0 
2 2 7 
GeSO 
K.Mno4 
4 
4. Chloride - Mohr 
Fajan 
5. Preparation & standardization 
of iodine. 
6. Antimony and copper 
7. Calibration of weight s 
8. Chloride - gravimetric 
9. Sulphate 
10. Limestone 
11. Brass - electrolysis 
12. Phosphorus - colorimetrically 
13. pH meter 
14. Special Minerals 
15. Industrial products 
..... 
0 
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CHAPTER IX - PROPOSED REMEDIES AND CONCLUSIONS FOR A MORE 
INTERESTING AND USEFUL LABORATORY COURSE 
1~ 
Many students- in Quantitative analysis courses, today, e.re dissatisfied 
with the work which the instructors plan f'or them·•- It is either too much 
for :them to do intelligently in the- -time alotted or the samples which are 
gi van to them to be analyzed- are very "dull and uninteresting". If' the 
samples were directly related to their fields of study then the student 
might be motivated to learn the principles involved rather than rapidly 
performing the analyses in order · to finiAh the course and obtain a grade. 
To eubsti tute for the unknown-s now being distributed, unknowns such as 
blood, urine, aspirin, soiLs ~ _ spe-cial alloys, industrial products, foods, 
etc., could easily be analyzed·. Professional and accura-te- analyses- can be 
obtained from hospi tale, manufacturers, or experimental stAtions·. These 
are the ee.m.nlee- with which the student will be· confronted when he leaves 
the school laboratorvfor the industrial laboratory• Teachers who are in-
terested in their classes as classe s of human being·s - and not as "tools 
in a plant" should be able to find time, with the - assistant' A help to pre-
pare these samples. 
Another methode of stimulating the interests of the students would be 
the arrangement of the material given in the laboratory course of quanti-
tative· analysis. As Doctor Swift of the California Institute of Technology 
doe-s, and as Doctor Lingane· of Harvard says that they- will be in the fall 
of 1950, volumetric and gravimetric analysis will be given the first semeste • 
The basic analyses of replaceable hydrogen, Na2o, soluble chloride, sulfate, 
iron~ and the like. will be done. 1be second semester wiil be devoted to 
special analyses. At liarvard the chemistry majors will be participating 
the second semeste-r. However, what an excellent opportunity it would · ba 
to allow students to enter the course who are· majoring in fields such as. 
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agriculture, hoem economics. and the pre-medicale, and to give them special 
analyses in their fields of study • . Many students of these other fields 
seldom now get a chance to analyze anything but the common unknowns. 
The material from the interviews conducted around the Boeton area in 
industrial plants shows that employe·rs of college trained analytical chemietE 
are not satisfied with the preparation of the students they employ. However, 
the schools maintain· that they ~redoing the very beet they are capable of 
doing. It may be that they are directing their efforts to the chemistry 
majors who, make up on the whole approximately one-quarter of the class. 
The teachers of quantitative analysis today are aided in most schools 
by teaching fellows and assistants who are often willing to help them. Unti 
the teachers tealize that the students feel ill-used and that the employers 
of these students are not fully sa-tisfied with their training, many students 
wi 11 continue to be a ~ sloppy1 , "grade-.e:etting•, un-prepared group of 
analytical chemists. 
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CHAPTER X - SYNOPSIS 
The two branches of analytical chemistry are aualitative analysis and 
quantitative analysis. Quantitative analysis is the mee.surejlent. of such 
properties as. density. mRRR. volume, specific g ravity. melting point. 'l'he 
four methods of quantitative analysis are ~re.vimetric. volumetric. gaeeo-
metric ! Rnd ohysico-chemical analysis. Quantitative analysis has pervaded 
the realms . of scientific research as a quantitative science from the middle 
of the nineteeenth centurv. It has not been static at any time. Some of 
the concepts of physical chemistry have been introduced into analytical 
chemistry. Electrochemistry has contributed sucp new methode as potentiomet. ic. 
polarographic. conductiometric, and chromatographic analysis. These new 
methode, however, are not. in general, being introduced to the students 
in the colleges today. 
'.i.'he purpose of this pe. ner we. s to evolve a courAe of study in which 
the student would become familiar with the techniaues which he will meet in 
industry. 1ne analytical chemist must have initiative and imagination in 
developing new methods. The informmion needed for this pa per was the 
course material as presented now, the criteria used in choosing it. the 
obiectives of the coL<rAe, and the professional objectives of the students. 
This material was obtained by a auestionne.ire sent out to the professors 
of auantite.tive analysis in the colleges in the Boston area. This material 
was used to select the basic work needed by all students including those 
in general education. chemistry. and the pre-professional fields. !he 
experiments which are uniaue in each field of study represented in quanti-
tative analysis were selected by interviewing the chemists in charge 
of analysis in various industrial laboratories. It was their suggestions 
that helped to make this new course of study possible. 
;m,tgh the reeeuu~h-in..t.O--thed-U.e=M:t . 
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conducted bv this author the objectives of the Quantitative analysis labor-
atory course were concluded to be: The teaching . of technique, methode, and 
principles. 'I'be objective of a colle.Q:e . curriculum should be to prepare the 
student to pro.e:ress ,in his chosen field.(41) 
The research into the literature revealed many fields of study which 
directly utilized quantitative analysis. A majority of the students in a 
typical quantitative analytical laboratory is devoted to fields other than 
chemistry. The industrial man says that the stu~ents are not receivin.e: 
the preparation which they need. They are being indoctrinated with material 
which although basic in nature . ie not sufficiently pertinent to the special 
fields of study of the students. They are not taught applic~tions. The 
students find the course· very uninteresting as this author found from assist-
ing in the quantitative analysis laboratory in one of the colle!!:es in the 
Boston area. However. the professors .. of analysis in these colleges in 
this area st ated they· be,lieve their courses to be of interest to the student. 
Special experiments which can be used for basic work as well for the etudentE 
in particular fields of study were chosen from the field research. the 
Association of Official A,e:rieulture · Chemists. and the United States Pharm-
acopoeia. 
The student's time may be from two two-hour laboratory periods per 
week to two · four-hour laboratory periods per;:·week. New schedules of quant-
itative analysis work are being planneds One semester of basic gravimetric 
and volumetric analysis and a second semester of specialized work, seem 
desirable. 
This study covered eight schools in the Boston area and seventeen 
industrial laboratories. The schools used weres Boston College, Simmons 
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College, Boston University. Massachusetts Institute of Technology, Harvard, 
Tufte College, University of Massachusetts, Northeastern University. The 
professors of these schools answered questionnaires. The information was 
obtained from the chief analytical chemists in industry by interview. 
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